SOIL SURVEY OF 


Douglas County, Minnesota 


Major feldwork for this soil survey was done in the period 1963-69. Soil names and 
descriptions were approved in 1971. Unless otherwise indicated, statements in the publi- 
cation refer to conditions in the county in 1969. This survey was made cooperatively by the 
Soil Conservation, Service and the Minnesota Agricultural Experiment Station. It is part 
of the technical assistance furnished to the Douglas County Soil and Water Conservation 


District. 


Either enlarged or reduced copies of the soil map in this publication can be made by 
commercial photographers, or they can be purchased on individual order from the Carto- 
graphic Division, Soil Conservation Service, United States Department of Agriculture, 


Washington, D.C. 20250. 


HOW ТО USE THIS SOIL SURVEY 


HIS SOIL SURVEY contains infor- 
mation that can be applied in man- 
aging farms and woodlands; in selectin 
sites for roads, ponds, buildings, an 
other structures; and in judging the suit- 
ability of tracts of land for farming, in- 
dustry, and recreation. 


Locating Soils 


АП the soils of Douglas County are 
shown on the detailed map at the back of 
this publication. This map consists of 
many sheets made from aerial photo- 
graphs. Each sheet is numbered to cor- 
respond with a number on the Index to 
Map Sheets. 

On each sheet of the detailed map, soil 
areas are outlined and are identified by 
symbols. All areas marked with the same 
symbol are the same kind of soil. 'T'he soil 
symbol is inside the area if there is enough 
room ; otherwise, it is outside and a pointer 
shows where the symbol belongs. 


Finding and Using Information 


The “Guide to Mapping Units" can be 
used to find information. 'This guide lists 
all the soils of the county in alphabetic 
order by map symbol and gives the capa- 
bility classification of each. It also shows 
the page where each soil is described and 
the page for the woodland suitabilit 
group in which the soil has been placed. 

Individual colored maps showing the 
relative suitability or degree of limitation 
of soils for many specific purposes can be 


developed by using the soil map and the 
information in the text. Translucent mate- 
rial can be used as an overlay over the soil 
map and colored to show soils that have 
the same limitation or suitability. For ex- 
ample, soils that have a slight limitation 
for a given use can be colored green, those 
with a moderate limitation can be colored 
yellow, and those with a severe limitation 
can be colored red. 

Farmers and those who work with 
farmers can learn about use and manage- 
ment of the soils from the soil descriptions 
and from the discussions of the capability 
units and woodland suitability groups. 

Foresters and others can refer to the 
section “Woodland and Windbreaks,” 
where the soils of the county are grouped 
according to their suitability for trees. 

Game managers, sportsmen, and others 
can find information about soils and wild- 
life in the section “Wildlife.” 

Engineers and builders can find, under 
“Engineering Uses of the Soils,” tables 
that contain test data, estimates of soil 
properties, and information about soil 
features that affect engineering practices. 


Scientists and others can read about how 
the soils formed and how they are classi- 
fied in the section “Formation and Classi- 
fication of the Soils.” 

Newcomers in Douglas County may be 
especially interested in the section “Gen- 
eral Soil Map,” where broad patterns of 
soils are described. They may also be in- 
terested in the section “General Nature of 
the County.” 


Cover: Contour striperopping оп а Waukon loam. Strips of 
alfalfa-bromegrass alternate with small grains and corn, 
and a grassed waterway intersects the small grains. 
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OUGLAS COUN is in the west-central part of 
Minnesota | (fig. 1).| The county seat is located at 
Alexandria. Douglas County is rectangular in shape, 
30 miles long and 24 miles wide. The total land area is 
407,080 acres. А total of 358,331 acres is in farms. 
Douglas County has 20 townships, and approximately 
one-tenth of the county is covered by lakes. Corn, 
soybeans, small grains, and hay are the principal crops. 
Dairy cattle, hogs, and feeder cattle are the principal 
kinds of livestock. 


State Agricultural Experiment Station st St Peul 


Figure 1.—Location of Douglas County in Minnesota. 


How This Survey Was Made 


Soil scientists made this survey to learn what kinds 
of soil are in Douglas County, where they are located, 
and how they can be used, The soil scientists went into 
the county knowing they likely would find many soils 


they had already seen and perhaps some they had not. 
They observed the steepness, length, and shape of slopes, 
the size and speed of streams, the kinds of native plants 
or crops, the kinds of rock, and many facts about the 
soils. They dug many holes to expose soil profiles. À pro- 
file is the sequence of natural layers, or horizons, in a 
soil; it extends from the surface down into the parent 
material that has not been changed much by leaching or 
by the action of plant roots. 

The soil scientists made comparisons among the pro- 
files they studied, and they compared these profiles with 
those in counties nearby and in places more distant. 
They classified and named the soils according to na- 
tionwide, uniform procedures (5). The soil series and 
the soil phase are the categories of soil classification most 
used in a local survey. 

Soils that have profiles almost alike make up a soil 
series. Except for different texture in the surface layer, 
all the soils of one series have major horizons that are simi- 
lar in thickness, arrangement, and other important char- 
acteristics. Each soil series is named for а town or other 
geographic feature near the place where a soil of that series 
was first observed and mapped. Barnes and Waukon, for 
example, are the names of two soil series. All the soils 
in the United States having the same series name are 
essentially alike in those characteristics that affect their 
behavior in the undisturbed landscape. 

Soils of one series can differ in texture of the surface 
soil and in slope, stoniness, or some other characteristic 
that affects use of the soils by man. On the basis of such 
differences, a soil series is divided into phases. The name 
of a soil phase indicates a feature that affects manage- 
ment. For example, Nebish sandy loam, 9 to 6 percent 
slopes, is one of several phases within the Nebish series. 

After a guide for classifying and naming the soils had 
been worked out, the soil scientists drew the boundaries 
of the individual soils on aerial photographs. These 
photographs show woodlands, buildings, field borders, 
trees, and other details that help in drawing boundaries 
accurately. The soil map in the back of this publication 
was prepared from the aerial photographs. 

The areas shown on a soil map are called mapping 
units. On most maps detailed enough to be useful in 
planning the management of farms and fields, a mapping 
unit is nearly equivalent to a soil phase. It is not exactly 
equivalent, because it is not practical to show on such a 


"Italic numerals in parentheses refer to Literature Cited, page 
1, 
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map all the small, scattered bits ої soil of some other 
kind that have been seen within an area that is dominant- 
]y of a recognized soil phase. 

Some mapping units are made up of soils of different 
series, or ої different phases within one series. One such 
mapping unit shown on the soil map ої Douglas County 
18 the 8011 complex. 

А soil complex consists of areas ої two or more soils, 
so intermingled or so small in size that they cannot be 
shown separately оп the 801] map. Each area of 8 com- 
plex contains some of each of the two or more dominant 
soils, and the pattern and relative proportions are about 
the same in all areas. The name of a soil complex con- 
sists of the names of the dominant soils, joined by а 
hyphen. Barnes-Langhei loams, 2 to 6 percent slopes, 
eroded, is an example. 

In most areas surveyed there are places where the soi! 
material is so rocky, so shallow, or so severly eroded that 
it cannot be classified by soil series. These places are 
shown on the soil map and are described in the survey, 
but they are called land types and are given descriptive 
names. Alluvial land is a land type in Douglas County. 

While a soil survey is in progress, samples of soils are 
taken, as needed, for laboratory measurements and for 
engineering tests. Laboratory data from the same kinds 
of soil in other places are assembled. Data on yields of 
crops under defined practices are assembled from farm 
records and from yield or plot experiments on the same 
kinds of soil. Yields under defined management are esti- 
mated for all the soils. 

But only part of a soil survey is done when the soils 
have been named, described, and delineated on the шар, 
and the laboratory data and yield data have been as- 
sembled. The mass of detailed information then needs 
to be organized in such a way as to be readily useful to 
different groups of users, among them farmers, managers 
of woodland, and engineers. 

On the basis of yield and practice tables and other 
data, the soil scientists set up trial groups." They test these 
groups by further study and by consultation with 
farmers, agronomists, engineers, and others. Then they 
adjust the groups according to the results of their studies 
and consultation, Thus, the groups that are finally evolved 
reflect up-to-date knowledge of the soils and their be- 
havior under present methods of use and management. 


General Soil Map 


'The general soil map at the back of this survey shows, 
in color, the soil associations in Douglas County. À soil 
association is a landscape that has a distinctive propor- 
tional pattern of soils. It normally consists of one or 
more major soils and at least one minor soil, and it is 
named for the major soils. The soils in one association 
may occur in another, but in a different. pattern. 

À map showing soil associations is useful to people who 
want a general idea of the soils in a county, who want to 
compare different parts of a county, or who want to 
know the location of large tracts that are suitable for a 
certain kind of land use. Such a map is a useful general 
guide in managing a watershed, a wooded tract, or a 


wildlife area, or in planning engineering works, recrea- 
tional facilities, and community developments. It is not 
a suitable map for planning the management of a farm 
or field or for selecting the exact location of a road, 
building, or similar structure, because the soils in any 
one association ordinarily differ in slope, depth, stoni- 
ness, drainage, and other characteristics that affect their 
management. 

Soil associations on the general soil map in this soil 
survey do not fully agree with those of the general soil 
maps in adjacent counties published at a different date. 
Differences in the maps are the result of improvements m 
the classification of soils, particularly in the modifications 
or refinements in soil series concepts. 

The soil associations in Douglas County are discussed 
in the following pages. 


1. Barnes-Langhei association 


Well-drained and somewhat excessively drained, un- 
dulating to very steep soils formed in loamy glacial till 


This association is undulating to very steep| (fig. 2), 
Most slopes are 50 to 200 feet long and are irregular. 
Hills are irregular in size and shape and rise 20 to 70 
feet above the swales. Many small lakes occur in this 
association. Small potholes, 5 to 15 acres or less in size, 
are numerous. In the two smaller areas in Brandon, Ida, 
and Leaf Valley Townships, the soils are gently sloping 
to moderately steep and the slopes are more uniform 
than in the western part. It occupies about 20 percent 
of the county. 

Barnes soils make up about 35 percent of the as- 
sociation; Langhei soils, about 25 percent; and Flom, 
Quam, Aastad, Vallers, and other minor soils, the re- 
maining 40 percent. 

Barnes soils are well drained and have a surface layer 
of black loam. The subsoil tvpically is dark-brown loam. 
These soils occur on the side slopes below the Langhei 
soils and on the more nearly level parts of the ridgetops. 
Langhei soils are somewhat excessively drained and have 
a surface layer of very dark grayish-brown, caleareous 
loam that is light gray when dry. The underlying ma- 
terial is light olive-brown loam. These soils occur on Ше 
narrow ridgetops, on knolls and knobs, and at the top of 
the side slopes. 

Flom, Quam, Aastad, Vallers, and other soils make 
up part of this association. The Flom soils are poorly 
drained and occur in the waterways and shallow de- 
pressions. The Quam soils are very poorly drained and 
occur in sloughs and potholes. The Aastad soils are 
nearly level to gently sloping and are moderately well 
drained. They occur on small upland flats and in areas 
adjacent to waterways. The Vallers soils are poorly 
drained, are caleareous, and occur as rims around and 
between potholes. 

Most of this association is used for crops and pasture. 
Corn, soybeans, small grains, and hay are the main crops. 
Undrained marshes provide cover and habitat for wild 
game. Dairying is the main farm enterprise. Trees grow 
around lakes and along streams but are not abundant. 
Runoff, erosion, and wetness are the main limitations that, 
affect use and management of these soils. 
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Figure 2.—Relationship of soils in the Barnes-Langhei association to topography and underlying material. 


2. Waukon-Flom association 


Well-drained and poorly drained, nearly level to steep 
soils formed in loamy glacial till 


his association ranges from nearly level to steep 
(fig. 3). Most slopes are 50 to 200 feet long, are irregularly 
haped, and rise 20 to 70 feet above the depressions. The 
hills are variable in size and shape. Many lakes, small 
and large, occur throughout the association. Many small 
potholes occur throughout the association. It occupies 
about 31 percent of the county. 

Waukon soils make up about 40 percent of the as- 
sociation; Flom soils, about 15 percent; and, Langhei, 
Gonvick, Quam, organic soils, and other minor soils, the 
remaining 45 percent. 

Waukon soils are well drained and have a surface 
layer of black loam and a subsoil of brown sandy loam 
to clay loam. These soils are undulating to steep. Flom 
soils are poorly drained and have a surface layer of black 
silty clay loam and a subsoil of dark grayish-brown clay 
loam. These soils occur in drainageways and in slightly 
depressed areas. 

Langhei, Gonvick, Quam, and organic soils, and other 
minor soils make up part of this association. The Langhei 
soils are somewhat excessively drained and occur on the 


most exposed knobs, knolls, and ridges. The Gonvick 
soils are moderately well drained and occur in nearly 
level areas. The Quam soils are very poorly drained and 
occur in depressions. The organic soils occur in depres- 
sions and drainageways and along streams. 

Most of this association is used for crops, pasture, or 
trees. Corn, soybeans, small grains, and hay are the main 
crops. The marshes provide food and cover for wildlife. 
Wooded areas vary in size and are scattered throughout 
the association. The principal trees are aspen, ash, oak, 
maple, basswood, and poplar. Dairying and hog raising 
are the main farm enterprises. Runoff, erosion, and wetness 
are the main limitations that affect use and management 
of these soils, 


3. Sinai-Fulda association 


Moderately well drained and poorly drained, nearly level 
to undulating soils formed in clayey glacial till or clayey 
lacustrine deposits 


This association occurs as two small areas and is nearly 
level to undulating. Most slopes are 80 to 300 feet long. 
The hills are fairly uniform and rise 20 to 70 feet above 
the swales. There are few lakes in this association. Small 
potholes occur throughout the association. It occupies 
about 4 percent of the county. 
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Figure 3.—Relationship of soils in the Waukon-Flom association to topography and underlying material. 


Sinai soils make up about 40 percent of the association ; 
Fulda soils, about 15 percent; and Dovray soils, organic 
Soils, and other minor soils, the remaining 45 percent. 

Sinai soils are moderately well drained and have a sur- 
face layer of black clay and a subsoil of dark grayish- 
brown clay. These soils are nearly level to undulating 
and occur next to and surrounding areas of the Fulda 
soil. Fulda soils are poorly drained and have a surface 
layer of black silty clay. These soils occur in the draws, 
drainageways, and shallow potholes. 

Dovray soils, organic soils, and other minor soils make 
up part of this association. The Dovray and organic soils 
are very poorly drained and occur in potholes and 
sloughs. 

Most of this association is used for crops and pasture. 
Corn, soybeans, small grains, and hay are the main crops. 
Undrained marshes provide cover and habitat for wild 
game. Dairying is the main farm enterprise. Trees grow 
along the lakes but are not abundant. Runoff, erosion, 
wetness, and clay content of the soil are the main limita- 
tions that affect use and management. 


4. Nebish-Beltrami association 


Well drained and moderately well drained, nearly level 
to steep soils formed in loamy glacial till 


This association is nearly level to steep. The soils are 
undulating to hilly, but in the small area in Spruce Hill 


Township, they are nearly level to gently sloping. Most 
slopes are 50 to 200 feet long, are irregularly shaped, and 
rise 5 to 70 feet above the swales. In places the soils in 
Carlos and Miltona Townships are very stony and in 
spots are mixed with gravel. Small potholes, 5 to 15 
acres or less in size, are numerous. This association oc- 
cupies about 5 percent of the county. 

Nebish soils make up about 60 percent of the associa- 
tion; Beltrami soils, about 5 percent; and Shooker, Sioux, 
organic soils, and other minor soils, the remaining 35 
percent. 

Nebish soils are well drained and have a surface layer 
of very dark gray loam, a subsurface layer of grayish- 
brown sandy loam, and a subsoil of brown to dark yel- 
lowish-brown sandy clay loam. These soils are undulating 
to steep. Beltrami soils are moderately well drained and 
have a surface layer of very dark gray loam, а sub- 
surface layer of grayish-brown sandy loam, and a sub- 
soil of mottled brown sandy clay and clay loam. The soils 
are nearly level. 

Shooker and Sioux soils, organic soils, and other minor 
soils make up part of this association. The Shooker soils 
are poorly drained and occur in drainageways and slight 
depressions. The organic soils are very poorly drained 
and occur in deep depressions. The Sioux soils are ex- 
cessively drained soils and are underlain by gravelly 
coarse sand. 
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Most of this association is used for crops, pasture, and 
woodland. Corn, soybeans, small grains, and hay are 
the main crops. Undrained marshes provide cover and 
habitat for wild game. Wooded areas vary in size and 
are scattered throughout the association. The principal 
trees are ash, maple, oak, aspen, and elm. Dairying is the 
main farm enterprise. Runoff, erosion, and wetness are 
the main limitations that affect use and management of 
these soils. Maintenance of soil tilth is a management 
problem. 


6. Arvilla-Sverdrup association 


Somewhat excessively drained, nearly level to rolling 
soils formed in dominantly loamy material over sand 
and gravel 


Most of this association is nearly level to rolling, but 
in a few areas it is rolling to steep The slopes 
are 50 to 200 feet long and rise 5 to 40 feet above the 
depressions. The hills are irregular in size and shape. 
Some of the large lakes in the country occur in or next 
to this association. Small potholes, 4 to 15 acres in size, 
occur throughout the association and are most common 
in the rolling to steep areas. This association occupies 
about 15 percent of the county. 

Arvilla soils make up about 30 percent of the associa- 
tion; Sverdrup soils, about 19 percent; and Sioux, Osakis, 


Clontarf, Forada, and other minor soils, the remaining 
57 percent. 

Arvilla soils are somewhat excessively drained and have 
a surface layer of black sandy loam. The subsoil is 
brown and dark-brown loam underlain by sand and 
gravel. Sverdrup soils are somewhat excessively drained 
and have a surface layer of black sandy loam. They are 
nearly level to rolling and are underlain by sand. 

Sioux, Osakis, Clontarf, Forada, and other minor soils 
make up part of this association. The Sioux soils are 
excessively drained, coarse-textured soils that are under- 
lain by gravelly coarse sand. The Osakis soils are moder- 
ately well drained and are underlain by gravelly coarse 
sand. The Clontarf soils are moderately well drained and 
are underlain by sand. The Forada soils are poorly 
drained and are underlain by coarse sand and gravel. 

Most of this association is used for crops or pasture. А 
few areas are wooded, Corn, soybeans, small grains, and 
hay are the main crops. The undrained marshes provide 
cover and habitat for wildlife. Dairying and hog raising 
are the main farm enterprises. Soil blowing, water ero- 
Sion, wetness, droughtiness, and runoff are the main limi- 
tations in use and management of these soils. Maintenance 
of fertility is à management problem. The nearly level 
to gently sloping soils are suited to irrigation. А good 
water supply can be obtained in most places through use 


Figure 4.—Relationship of soils in the Arvilla-Sverdrup association to topography and underlying material. 
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of drilled wells. This association provides most of the 
sand and gravel used throughout the county. 


6. Forada-Arveson association 


Poorly drained, nearly level soils formed in loamy ma- 
terial over sand and gravel 


This association is mainly nearly level, but there are 
some depressions and some small areas that rise 5 to 10 
feet above the surrounding areas. This association oc- 
cupies about 2 percent of the county. 

Forada soils make up about 50 percent of the associa- 
tion; Arveson soils, about 15 percent; and Dassel, Clon- 
tarf, Hantho, Colvin, and other minor soils, the remain- 
ing 35 percent. 

Forada soils are poorly drained and have a surface 
layer of black sandy loam underlain by coarse sand. Arve- 
son soils are highly calcareous and poorly drained. They 
have a surface layer of black sandy clay loam and very 
dark gray fine sandy loam and are underlain by sand. 

Dassell, Clontarf, Hantho, Colvin, and other minor 
soils make up part of this association. The Dassel soils 
are poorly drained and are underlain by sand. The Clon- 
tarf soils are moderately well drained and are under- 
lain by sand. The Hantho soils are moderately well 
drained, silty soils. The Colvin soils are highly calcareous, 
poorly drained, silty soils. 


Most of this association is used for crops and pasture. 
Corn, soybeans, small grains, and hay are the main crops. 
Undrained marshes provide food and cover for wild 
game, Soil blowing and wetness are the main limitations 
that affect use and management of these soils. Mainte- 
nance of fertility is a management problem. 


7. Waukon-Gonvick association 


Well drained and moderately well drained, nearly level 
to hilly soils formed in loamy glacial till 


This association is nearly level to hilly |(fig. 5), Most 
slopes are 50 to 200 feet long, are complex and irregularly 
shaped, and rise 5 to 30 feet above the depressions. Most 
soil areas are mainly variable in size and shape, but 
a few are uniform. Only a few lakes occur in this associa- 
tion. Many potholes and marshes occur throughout the 
association. This association occupies about 12 percent 
of the county. 

Waukon soils make up about 35 percent of the as- 
sociation; Gonvick soils, about 25 percent; and Flom, 
Vallers, Quam, Urness, and other minor soils, the re- 
maining 40 percent. 

Waukon soils are well drained and have a surface layer 
of black loam and a subsoil of brown sandy loam to clay 
loam. These soils are undulating to hilly. Gonvick soils 
are moderately well drained and have a surface layer of 


Figure 5.—Relationship of soils in the Waukon-Gonvick association to topography and underlying material. 
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blaek loam and a subsoil of mottled dark grayish-brown 
clay loam, These nearly level soils occur on slight rises 
and flats of the upland till plain. 

Flom, Vallers, Tonka, Quam, Urness, and other minor 
soils make up part of this association. The Flom and 
Топка soils are poorly drained and occur in drainage- 
ways, slight depressions, and level areas. The Vallers 
soils are highly caleareous, poorly drained soils that, oc- 
cur around sloughs and potholes. The Quam soils are 
very poorly drained and occur in sloughs and potholes. 
Тһе Urness soils are very poorly drained, calcareous soils 
that occur in sloughs and potholes. 

Most of this association is used for crops, pasture, and 
woodland. Corn, soybeans, small grains, and hay are the 
main crops. Undrained marshes provide cover and habitat 
for wild game. Wooded areas vary in size and are 
scattered throughout the association. Dairying and hog 
raising are the main farm enterprises. Runoff, erosion, 
and wetness are the main limitations in use and manage- 
ment of these soils. 


8. Clarion-Flom association 


Well-drained and poorly drained, nearly level to той- 
ing soils formed in loamy glacial till 


This association is nearly level to rolling Most 


slopes are 50 to 200 feet long and are irregular in size 
and shape. The areas are also variable in size and shape. 


The hills rise 10 to 25 feet above the surrounding swales. 
A few lakes occur in this association. This association oc- 
cupies 4 percent of the county. 

Clarion soils make up about 30 percent of the associa- 
tion; Flom soils, about 20 percent; and Nicollet, Quam, 
Vallers, and other minor soils, the remaining 50 per- 
cent. 

Clarion soils are well drained and have a surface layer 
of black loam and a subsoil of brown loam. These un- 
dulating to rolling soils occur on side slopes. Flom soils 
are poorly drained and have a surface layer of black 
silty clay loam. The subsoil typically is dark grayish- 
brown clay loam that has light olive-brown mottles. 
These soils occur in drainageways and shallow depres- 
sions. 

Nicollet, Quam, Vallers, and other minor soils make 
up part of this association. The Nicollet soils are moder- 
ately well drained. They are nearly level on hilltops and 
rises and gently sloping on side slopes. The Quam soils 
are very poorly drained and occur in sloughs and pot- 
holes. The Vallers soils are poorly drained, are highly 
calcareous, and occur around and between sloughs and 
potholes. 

Most of this association is used for crops and pasture. 
Corn, soybeans, small grains, and hay are the main 
crops. The undrained marshes provide cover and habitat 
for wild game, Dairying is the main farm enterprise. 


Figure 6.—Relationship of soils in the Clarion-Flom association to topography and underlying material. 


8 SOIL SURVEY 


Ттеев occur along lakes and streams but are not abundant. 
Runoff, erosion, and wetness are the main limitations that 
affect the use and management of these soils. 


9. Dorset-Sioux association 


Well-drained to excessively drained, nearly level to very 
steep soils formed in loamy material and in sand and 
gravel 


This association is nearly level to very steep (fg. 7) ] 
Most slopes are 40 to 240 feet long, are irregularly shaped, 
and rise 5 to 40 feet above the surrounding swales. The 
hills are variable in size and shape. A few lakes occur 
throughout the association. Many small potholes also ос- 
cur, This association occupies about 7 percent of the 
county. 

Dorset soils make up about 40 percent of the associa- 
tion; Sioux soils, about 20 percent; and Forada and 
Marysland soils, organic soils, and other minor soils, the 
remaining 40 percent. 

Dorset soils are somewhat excessively drained to well 
drained and have a surface layer of black sandy loam. 
The sandy loam is dark gray when dry. The subsoil is 
dark-brown sandy loam to gravelly coarse sand. These 


soils occur on the broad flats and in undulating to rolling 
areas, Sioux soils are excessively drained and have a sur- 
face layer of very dark brown loamy coarse sand. These 
soils occur on knolls, knobs, ridges, and side slopes where 
depth to gravel is 6 to 14 inches. 

Forada and Marysland soils, organic soils, and other 
minor soils make up part of this association. The Forada 
soils are poorly drained, have a black surface layer, and 
occur in drainageways, on nearly level flats, and in slight 
depressions. The Marysland soils are caleareous, are 
poorly drained, and occur on nearly level flats and in 
slight depressions. The organic soils are very poorly 
drained. 

Most of this association is used for crops, pasture, and 
woodland. Corn, soybeans, small grains, and hay are the 
main crops. Wooded areas vary in size and are scattered 
throughout the association, The principal trees are aspen, 
ash, oak, maple, and birch. The marshes provide food 
and cover for wild game. Dairying is the main farm en- 
terprise. Soil blowing, runoff, water erosion, drought- 
iness, and wetness are the main limitations in use and 
management of these soils. Maintenance of fertility is a 
management problem. These soils are a source of sand 
and gravel. 


Figure 7.—Relationship of soils in the Dorset-Sioux association to topography and underlying material. 
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Descriptions of the Soils 


In this section the soil series and mapping units rep- 
resented in this county are described. The approximate 
acreage and proportionate extent of each mapping unit 
are given in table 1. 

The soils of each series are first described as а group. 
Important features common to all the soils of the series 
are listed, and the position of the soils on the landscape 
is given. Each series description has a short narrative 
description of a representative profile and a much more 
detailed description of the same profile, from which 
highly technical interpretations can be made. Following 
the profile is a brief statement of the range of charac- 
teristics of the soils in the series as mapped in this 
county. Comparisons are made with other soils that are 
nearby or are generally similar to the soils of the series 
being described. 

Each soil, or mapping unit, in the series is next de- 

scribed. Soils are the areas delineated on the map and 
identified by soil symbols. Generally, these descriptions 
tell how the profile of the soil differs from that described 
as representative of the series. They also tell about the 
use and suitability of the soil deseribed and something 
about management needs. 
_ For full information about any one mapping unit, 11 
is necessary to read the description of the soil series as 
well as the description of the mapping unit. General in- 
formation about the broad patterns of soils in the county 
is given in the section *General Soil Map." Unless other- 
wise indicated, the color names and color symbols given 
are for a moist soil. 

The names, description, and soil areas shown on maps 
in this survey do not agree with or fully match areas of 
the same soils shown on the soil maps of adjoining coun- 
ties published earlier. These differences have been brought 
about by modifications and refinements that are the re- 
sult of continuing modification in soil senes concepts. 
In addition, the correlation of a recognized soil is based 
upon the acreage of that soil and its dissimilarity to 
adjacent soils within the survey area. In many places, it 
is more feasible to include a small acreage of soils with 
other similar soils than to map them separately if the 
management and their response to management is 
similar. 


Aastad Series 


The Aastad series consists of deep, moderately well 
drained, nearly level to gently sloping soils on uplands. 
These soils formed under grasses in caleareous loam 
glacial till. 

In a representative profile, the surface layer is clay 
loam that 1s black in the upper part and very dark gray 
in the lower part and is about 16 inches thick. The sub- 
soil is dark grayish-brown and olive-brown clay loam 
about 8 inches thick. The underlying material 18 light 
brownish-gray and light olive-brown, mottled, cal- 
careous loam. 

The natural fertility and content of organic matter 
are high. The available water capacity is high, and per- 
meability is moderate. The reaction of the surface layer 
is neutral. 


Aastad soils are good farm soils, They are suited to 
all crops commonly grown in the county. 

Representative profile of Aastad clay loam, 1 to 3 per- 
cent slopes, in a cultivated field, 455 feet west of the 
southeast corner of SW1, sec. 9, T. 128 N., В. 40 W. 


Ар—0 to 9 inches, black (10YR 2/1) clay loam; weak, fine, 
granular structure; friable; many roots; about 2 
percent coarse fragments; neutral; abrupt, smooth 
boundary. 

A1—9 to 11 inches, black (10YR 2/1) clay loam; weak, fine, 
granular structure; friable; many roots; about 2 per- 
cent coarse fragments; neutral; abrupt, wavy 
boundary. 

АЗ 11 to 16 inches, very dark gray (10YR 8/1) clay loam; а 
few tongues of black (10YR 2/1); weak, fine, granu- 
lar structure; friable; many roots; about 2 percent 
coarse fragments; neutral; abrupt, wavy boundary. 

B21—16 to 18 inches, dark grayish-brown (2.5Y 4/2) clay 
loam, very dark grayish brown (2.5፻ 3/2) when 
crushed; weak, medium, prismatic structure parting 
to weak, fine and medium, subangular blocky ; friable ; 
common roots; about 4 percent coarse fragments; 
mildly alkaline; clear, wavy boundary. 

B22—18 to 24 inches, olive-brown (2.5Y 4/3) clay loam; few, 
fine, distinct, yellowish-brown (10YR 5/6) mottles; 
weak, fine and medium, subangular blocky structure; 
friable; common roots; about 4 percent coarse frag- 
ments; mildly alkaline; gradual, wavy boundary. 

С1са--24 to 85 inches, light brownish-gray (2.5Y 6/2) loam; 
few, fine, distinct, yellowish-brown (10YR 5/6) mot- 
tles; weak, very fine, subangular blocky structure ; 
about 4 percent coarse fragments; friable; mildly 
alkaline; violently effervescent; gradual, wavy 
boundary. 

C2—35 to 60 inches, light olive-brown (2.5Y 5/4) loam; few, 
fine, distinct, yellowish-brown (10YR 5/6) mottles ; 
weak, very fine, subangular blocky structure; friable ; 
common, fine, white (10YR 8/1) segregations of lime; 
about 4 percent coarse fragments; mildly alkaline; 
strongly effervescent. 


The solum ranges from 18 to 30 inches in thickness, The A 
horizon ranges from 10 to 20 inches in thickness. The B21 
horizon has weak or moderate, prismatic or subangular blocky 
structure. 

Aastad soils are associated with Langhei, Barnes, Flom, and 
Quam soils. Aastad soils have a thicker A horizon and have 
grayer colors below the A horizon than Langhei and Barnes 
soils. They are better drained than Flom and Quam soils, but 
they lack the mottled B horizon that is characteristic of Flom 
soils and they have a thinner A horizon than Quam soils. 

Aastad clay loam, 1 to 3 percent slopes {AcA).—This 
soil has straight or slightly concave slopes and occurs in 
irregular patterns on till plains and in morainic areas. 

Included in mapping were small areas of Barnes, Flom, 
and Darnen soils. Also included were some small areas 
of steeper soils and some areas where the surface layer 
is caleareous. In а few places the black surface layer 18 
thieker than normal, and in some areas the surface layer 
is loam. 

This soil has few limitations, It is suited to all the 
crops commonly grown in the county. 

The main management need is maintenance of fertility 
and ЕЮ. (Capability unit I-1; woodland suitability 


group 1) 


Alluvial Land 


Alluvial land (0 to 2 percent slopes) (Ad) consists of 
dark-colored soil material recently deposited by rivers 
and streams. It is nearly level and occurs in areas ad- 


jacent to streams and rivers. It is frequently flooded dur- 
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TABLE 1.—Approzimate acreage and proportionate extent of the soils 


Soil 


Aastad clay loam, 1 to З percent slopes______.- 
Alluvial land_.__...-.---------------------- 
Arveson sandy clay loam_........----------- 
Arvilla sandy loam, 0 to 2 percent slopes. |... 
Arvilla sandy loam, 2 to 6 percent slopes______ 
Arvilla sandy loam, 6 to 12 percent віорев-.-.. 
Arvilla sandy loam, thick solum, 0 to 3 per- 
Cent 8Ї0рев: ss ааа መጸው ፍጭ 
Barnes loam, 2 to 6 percent slopes, eroded... 
Barnes loam, 6 to 12 percent slopes, eroded.. __ 
Barnes-Langhei loams, 2 to 6 percent slopes, 
eroded ооо зач 


eroded- መ መ መ. 
Beltrami loam, 1 to З percent slopes---------- 
Brophy реа&_..---------------------------- 
Carlos muck..__.....-.-------------------- 


Са го muck, sandy subsoil variant___ ----- 
Clarion loam, 2 to 6 percent slopes, eroded- - _ _ 
Clarion loam, 6 to 12 percent slopes, eroded- _ _ 
Clontarf sandy loam, 0 to 2 percent slopes... - - 
Colvin silt loam 
Colvin silt loam, depressional. --------------- 
Darnen loam, 1 to 4 percent slopes. ---.------ 
Dassel sandy 108ш.............--------4------- 
Dassel sandy loam, depressional.............. 
Dorset sandy loam, 0 to 2 percent slopes- ----- 
Dorset sandy loam, 2 to 6 percent slopes. ----- 
Dorset sandy loam, 6 to 12 percent slopes... 
Dorset sandy loam, thick solum, 0 to 2 percent 
SlOpes эг ua бшш а azu АЛЬО dE 
Dorset sandy loam, thick solum, 2 to 6 percent 
Зорба шекесі ашы кышы аа በሺ ከ ይ 
Dorset sandy loam, thick solum, 6 to 12 percent 
SOPE ш асы бы зді еді ыса шаа 
Dovray mucky silty @Їзу-..-..-------------- 
Flom silty clay loam_---------- ው. 
Forada sandy loam__.-.__-_-_-------------- 
Forada loam, depressional. -.--------------- 
Forada sandy loam, sandy subsoil._._.....-_- 
Forman clay loam, 6 to 12 percent slopes, 
eroded МЕННЕН ЕК КР МК Se o sd 
Forman-Aastad clay logms, 1 to 5 percent 
SO PCS eso won ee a a aut eme 
Fulda silty Дау 
Gonvick loam, 1 to 3 percent slopes. ......... 
Hangaard sandy loam ıı... 
Hantho silt loam, 1 to 3 percent віорев-.------ 
Lake beaches, sandy__......_.---------.---- 
Lake beaches, loam 
Langhei loam, 18 to 40 percent slopes--------- 
Langhei-Barnes loams, 12 to 18 percent slopes, 
ёГОйёй аах መ dolose መመ መመ 
Langhei-Waukon loams, 12 to 18 percent 
slopes, егодей___---.--------------------- 
Langhei-Waukon loams, 18 to 24 percent 
Вю рев sus ው መ በ ው аса 
Langhei-Waukon-Sioux complex, 12 to 25 per- 
cent slopes: 2222 as 
Maddock fine sand, 0 to 2 percent slopes______ 
Maddock fine sand, 2 to 6 percent slopes______ 
Maddock fine sand, 6 to 12 percent slopes... 
Матэ aaa a ваны: 


Acres 


4, 040 

500 
1, 520 
2, 055 
11,875 
3, 105 


2, 580 
23, 710 
6, 100 


4, 825 


12, 545 
1, 110 

540 
1,015 
9, 030 
1, 235 
4, 610 
1, 085 
3, 480 

755 

365 

390 
1, 740 
1, 300 
1, 990 
6, 085 

645 


1, 300 
1,795 


1,245 

1, 375 

25, 915 
3, 890 

3, 240 

935 


2,320 


Percent 


г сл оо c Go «2 x н» c 


= с> 
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бой Acres 
Marysland loam, дертеоп А መ መመ... 720 
Millerville mucky peat---------------------- 410 
Nebish sandy loam, 2 to 6 percent slopes... 2, 455 
Nebish sandy loam, 6 to 12 percent slopes. __ __| 1, 695 
Nebish sandy loam, 12 to 18 percent slopes... 550 
Nebish loam, 2 to 6 percent 8Їорев-.---------- 3, 090 
Nebish loam, 2 to 6 percent slopes, eroded. ._ 1, 690 
Nebish loam, 6 to 12 percent вюрев. __ __ 1, 685 
Nebish loam, 6 to 12 percent slopes, eroded_...| 1, 535 
Nebish loam, 12 to 18 percent #0рев 1, 295 
Nebish loam, 18 to 24 регсепзюрев 470 
| Nebish-Dorset complex, 2 to 6 percent slopes...| 1, 175 
Nebish-Dorset complex, 6 to 12 percent slopes. : 800 
Nicollet clay loam, 1 to 4 percent slopes... .... 3, 035 
Nymore loamy sand, 2 to 6 percent slopes... 630 
Nymore loamy sand, 6 to 18 percent slopes... 460 
Osakis loam, Û to 3 percent slopes. .........- 3, 270 
Quam mucky silty clay loam_________________ 18, 080 
Rifle mucky реа ----------------- 3,180 
Rothsay silt loam, 2 to 6 percent slopes... 1, 155 
Seelyeville muck. u 1, 030 
Shooker loam... 1, 055 
Sinai clay, 0 to 2 percent віорев--............ 920 
Sinai clay, 2 to 6 percent slopes. ---.---------- 8, 135 
Sioux loamy coarse sand, 0 to 6 percent slopes- -| 3, 755 
Sioux loamy coarse sand, 6 to 12 percent slopes_| 5,160 
Sioux gravelly loamy coarse sand, 2 to 12 per- 
cent slopes_.._.-------.-.----------------- 785 
Sioux gravelly loamy coarse sand, 12 to 35 
percent 80рев.------------------ 4, 825 
Sverdrup sandy loam, 0 to 2 percent slopes. ...| 8, 400 
Sverdrup sandy loam, 2 to 6 percent slopes....| 3,030 
Sverdrup sandy loam, 6 to 12 percent slopes... 630 
Sverdrup loam, thick solum, 0 to 3 percent 
SlODeS ae aa e መር 1, 395 
Топка logm. S ll Ll cL ak 1, 685 
Urness mucky silty clay loam... 6, 680 
Urness mucky silt loam, peaty subsoil variant. . 710 
Vallers clay loam, 0 to 3 percent віорев....-.-- 10, 450 
Waukon loam, 2 to 6 percent slopes... 19, 720 
Waukon loam, 2 to 6 percent slopes, eroded____| 17, 660 
Waukon loam, 6 to 12 percent slopes---------- 9, 380 
Waukon loam, 6 to 12 percent slopes, егойей___| 11, 070 
Waukon loam, 12 to 18 percent slopes--------- 4, 255 
Waukon loam, 12 to 18 percent slopes, eroded...| 1, 570 
Waukon loam, 18 to 24 percent slopes--------- 845 
Waukon clay loam, 2 to 6 percent slopes______ 1, 625 
Waukon clay loam, 6 to 12 percent slopes, 
[ona "NM 955 
Waukon-Langhei loams, 2 to 6 percent slopes, 
eroded- ала а аа ааа 875 
Waukon-Langhei loams, 6 to 12 percent slopes, 
eroded i a S መ eee 6, 045 
Waukon-Langhei-Sioux complex, 2 to 6 per- 
cent slopes, eroded------------------------ 1,180 
Waukon-Langhei-Sioux complex, 6 to 12 per- 
cent slopes, eroded... == 1,300 
Zell-Rothsay silt loams, 6 to 12 percent slopes, 
eroded.-- ue uL elc መ See cock 715 
Gravel ри 460 
Sewage lagoon LLL cl lll lll lll. 75 
Water пої meandered. | (| (1... ......... 4, 715 
Total -esen es Тасы а መርጃ 407, 680 


Percent 
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1 Less than 0.05 percent. 
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ing spring and occasionally during periods of excessive 
rainfall The soil material ranges from coarse sand to 
Silty clay loam, but in most places it is sandy to loamy 
and is stratified. The color and reaction vary. ' 

Most areas are poorly drained, but some included areas 
are very poorly drained or moderately well drained. The 
deposits are so recent that a profile has not formed, al- 
though the material is mottled in some places. Because 
of the low-lying position, the water table is at a depth 
of 1 to 5 feet during most of the growing season. 

This land type is suited to pasture, woodland, or wild- 
life habitat. Many pastured areas are hummocky. (Capa- 
bility unit VIw-1; woodland suitability group 8) 


Arveson Series 


The Arveson series consists of deep, poorly drained, 
calcareous, nearly level soils. These soils formed under 
grasses in calcareous, loamy material over calcareous 
sand. They are on outwash plains. 

In a representative profile, the surface layer is about 
23 inches thick. The upper 9 inches is black sandy clay 
loam, and the next 14 inches is very dark gray fine sandy 
loam. The underlying material is mottled, dark grayish- 
brown loamy fine sand and grayish-brown fine sand. 

Arveson soils have high organic-matter content, 
medium natural fertility, and low to medium available 
water capacity. Permeability is moderately rapid in the 
surface layer and rapid in fine sand. Reaction is mildly 
alkaline in the surface layer. 

If these soils are adequately drained, all the crops 
common in the county can be grown. 

Representative profile ої Arveson sandy clay loam, in 
a cultivated field where the slope is nearly level, in 
ЭЕ ХЕ sec. 18, T. 197 N., R. 36 W. 


Ар--0 to 9 inches, black (10YR 2/1) sandy clay loam; weak, 
fine, granular structure; very friable; common 
bleached sand grains; mildly alkaline; strongly effer- 
vescent; abrupt, smooth boundary. 

А1са- 9 to 16 inches, very dark gray (10YR 3/1) fine sandy 
loam, gray (10YR 6/1) when dry; weak, very fine, 
granular structure ; few tongues of black (10YR 2/1) ; 
very friable; common bleached sand grains; mildly 
alkaline; violently effervescent; abrupt, wavy 
boundary. 

Адса--16 to 28 inches, very dark gray (10YR 3/1) fine sandy 
loam; weak, very fine, granular structure; very fri- 
able; mildly alkaline; violently effervescent; abrupt, 
wavy boundary. 

11(:1፳---28 to 25 inches, dark grayish-brown (2.5Y 4/2) loamy 
fine sand; many, fine, prominent, dark-brown (7.5YR 
3/2) mottles; single grain; 10086 ! mildly alkaline; 
strongly effervescent ; gradual, wavy boundary. 

TIIC2g—25 to 60 inches, grayish-brown (2.5Y 5/2) fine sand; 
common, fine and medium, distinct, yellowish-brown 
(10YR 5/6) mottles; single grain; mildly alkaline: 
strongly effervescent. 


The A horizon is 12 to 24 inches thick. Its texture is fine 
sandy loam, loam, or sandy clay loam. Depth to the horizon 
of maximum lime accumulation, the Aca horizon, ranges from 
6 to 16 inches. The color of this horizon is very dark gray, 
dark gray, or gray. Both the ፲፲ር፲18 and IIC2g horizons range 
from loamy fine sand to sand or fine sand in texture. 


Arveson soils are associated with Clontarf, Dassel, and 
Marysland soils. Arveson soils lack the browner colored, non- 
calcareous B horizon that is typical of the Clontarf soils. They 
have a calcareous A horizon instead of the noncalcareous A 
horizon that is typical of Dassel soils. Arveson soils have 
more fine sand in their IIC horizon than Marysland soils. 

Arveson sandy clay loam (Ao).—This soil is nearly 
level. The areas are irregularly shaped. Most areas are 
more than 40 acres in size. 

Included in mapping were small areas of Dassel and 
Clontarf soils. Also included were a few areas of soil 
that is similar to the Arveson soils, except that it has a 
surface layer that is as much as 30 inches thick in places. 
Also included were about 250 acres of a soil that has a 
surface layer and subsoil of silt loam underlain by fine 
sand. 

Additional drainage is needed, and most areas have 
been drained by surface ditches. Nearly all of this soil 
is used for cultivated crops, but some areas are used for 
pasture or for wildlife habitat. This soil is suited to all 
crops commonly grown in the county. Soil blowing is a 
hazard on fields left bare during winter and spring. 

The main management needs are controlling erosion, 
improving and maintaining the drainage system, improv- 
ing fertility, and conserving moisture. (Capability unit 
IITw-2: woodland suitability group 5) 


Arvilla Series 


The Arvilla series consists of somewhat excessively 
drained, nearly level to rolling soils. These soils formed 
under grasses in loamy material. They are shallow to 
calcareous sand and gravel. They occur on outwash plains 
and stream terraces. 

In a representative profile, the surface layer i8 black 
sandy loam about 7 inches thick. The upper part of the 
subsoil is brown loam about 7 inches thick. The lower 
part is dark-brown gravelly loamy coarse sand about 4 
inches thick. The underlying material is dark vellowish- 
brown, light brownish-gray, and brown, stratified, cal- 
careous gravelly coarse sand. 

Arvilla soils have low to medium available water eapac- 
ity, medium natural fertility, and medium to high 
organie-matter content. Reaction is neutral in the sur- 
face layer. The rooting zone is shallow. Permeability is 
moderately rapid in the surface layer and subsoil and 
rapid in the gravelly coarse sand. 

Gravel pits have been opened on these soils and are a 
good source of gravel, These soils are droughty, and as a 
result crops do not grow well in most years. 

Representative profile of Arvilla sandy loam, 2 to 6 
percent slopes, in a wildlife area in ХҮҮ, ХҮҮ ХЕМ 
sec. 12, T. 130 N., R. 39 W. 

Ap— to 7 inches, black (10YR 2/1) sandy loam; weak, very 
fine, granular structure; very friable; common 
bleached sand grains; common roots; neutral; abrupt, 
smooth boundary. 


B21—7 to 10 inches, brown (7.5YR 4/3) loam; faces of peds 
are dark brown (7.5YR 3/2); weak, medium, sub- 
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angular blocky structure; very friable ; common roots ; 
neutral; gradual, wavy boundary. 

B22—10 to 14 inehes, brown (7.5YR 4/3) loam; faces of peds 
are brown (7.5YR 4/2); weak, medium, prismatic 
structure parting to weak, medium, subangular 
blocky ; very friable; common roots; neutral; abrupt, 
wavy boundary. 

IIB8—414 to 18 inches, dark-brown (7.5YR 4/4) gravelly loamy 
coarse sand; massive; very friable; few roots; neu- 
tral; abrupt, smooth boundary. 

IIC1—18 to 28 inches, dark yellowish-brown (10YR 3/4) 
gravelly coarse sand; single grain; loose; few roots; 
mildly alkaline; slightly effervescent; abrupt, wavy 
boundary. 

IIC2—23 to 60 inches, multicolored gravelly coarse sand that 
is dark yellowish brown (10YR 4/4), brown (10YR 
4/3), and light brownish gray (10YR 6/2); single 
grain ; loose ; mildly alkaline; strongly effervescent. 

The А1 ог Ap horizon ranges from black in most places to 
dark gray or very dark brown in eroded places. It is 5 to 12 
inches thick. The B horizon is 4 to 12 inches thick, and its 
texture is sandy loam in some places. It is most commonly 
dark yellowish brown, dark brown, brown, very dark grayish 
brown, or very dark brown. The proportions of sand and 
gravel in the underlying material are extremely variable, and 
the content of gravel ranges from about 10 to 50 percent. 

Arvilla sandy loam, thick solum, has a B horizon that is as 
much as 20 inches thick in places, and the depth to the IIC 
horizon ranges from 22 to 36 inches. These features are be- 
yond the defined range for the series, but the difference does 
not alter the usefulness and behavior of these soils. 

Arvilla soils are associated wtih Sioux, Sverdrup, and 
Osakis soils. Arvilla soils have a thicker solum than Sioux 
soils. They differ from Sverdrup soils in being underlain by 
gravelly coarse sand rather than by sand. They have a 
browner colored B horizon than Osakis soils, and their B 
EM lacks the mottles that are characteristic of Osakis 
soils. 


Arvilla sandy loam, 0 to 2 percent slopes (AsA).—This 
soil is in outwash areas and on stream terraces, Areas 
are broad and are irregular in shape. This soil is closely 
associated with Sioux and Osakis soils, and Arvilla 
sandy loam, thick solum. The profile differs from the one 
described as representative for the series in being deeper 
to gravelly coarse sand. 

Included in mapping were small areas of excessively 
drained Sioux soils, moderately well drained Osakis soils, 
and the well drained Arvilla sandy loam, thick solum. 
Also included were small areas of more strongly sloping 
soil, spots of eroded soils, and poorly drained or very 
poorly drained soils in depressions and draws. In some 
places the surface layer is loam. 

Nearly all of this soil is used for cultivated crops. A 
few areas are used for pasture. This soil is suited to all 
crops commonly grown in the county, but it is better 
suited to early maturing crops because of the drought 
hazard. This soil is suited to irrigation, and field crops 
and vegetables can be irrigated. If the soil is left un- 
protected, soil blowing is a hazard in winter and early 
in spring. 

The main management needs are practices that control 
erosion, improve fertility, and conserve moisture. (Capa- 
bility unit IIIe-3; woodland suitability group 6) 

Arvilla sandy loam, 2 to 6 percent slopes (AsB).—This 
soil is gently sloping and undulating. It is in outwash 
areas and on uplands. The areas are variable in size and 
shape. Slopes are 50 to 250 fect long. There are many 
narrow drainageways and small depressions scattered 
throughout the areas. This soil has the profile described 
as representative for the series. 


Included in mapping were a few small areas ої ех- 
cessively drained Sioux soils, moderately well drained 
Osakis soils, and poorly drained Forada soils. Also in- 
cluded were small areas of less sloping soils, small areas 
of more strongly sloping soils, spots of eroded soils, and 
areas where the surface layer is loam. Some areas are 
moderately eroded. | 

Nearly all this soil is used for cultivated crops. А 
few areas are used for pasture. This soil is suited to all 
erops commonly grown in the county, but it is better 
suited to early maturing crops because of the drought 
hazard. This soil is suited to irrigation, and field crops 
and vegetables can be irrigated. Water runs off at a 
medium rate, The hazard of further erosion is moderate. 

The main management needs are practices that control 
erosion, improve fertility, and conserve moisture. (Capa- 
bility unit IITe-3; woodland suitability group 6) 

Arvilla sandy loam, 6 to 12 percent slopes (А5С).- 
This sloping to rolling soil is in outwash areas and on 
uplands. The areas Пе parallel to waterways or around 
sloughs. Slopes are irregularly shaped and are 50 to 200 
feet long. The profile differs from the one described as 
representative for the series in being more shallow to 
gravelly coarse sand. 

Included in mapping were small areas of excessively 
drained Sioux soils. Also included were small areas of 
less sloping soils, small areas of more strongly sloping 
Soile, eroded spots, and areas where the surface layer is 
loam. 

Nearly all of this soil is used for cultivated crops. A 
few areas are used for pasture. This soil is suited to all 
crops commonly grown in the county. Droughtiness is a 
serious limitation. Water runs off this soil at a medium 
to rapid rate. The hazard of further erosion is moderately 
severe. 

The main management needs are practices that control 
erosion, improve fertility, and conserve moisture. (Capa- 
bility unit IVe-2; woodland suitability group 6) 

Arvilla sandy loam, thick solum, 0 to 3 percent slopes 
(AtA).— This soil occurs in outwash areas of the county. It 
is nearly level to slightly depressed. The areas are vari- 
able in size and shape, but some areas are quite large. 
The profile differs from the one described as represen- 
tative for the series in having a 22- to 36-inch combined 
surface layer and subsoil over the underlying gravelly 
coarse sand, 

Included in mapping were small areas of well drained 
Arvilla soils, moderately well drained Osakis soils, and 
poorly drained Forada soils. In some places the depth 
to gravel is less than 22 inches. In a few places mottles 
are present in the lower part of the subsoil and some 
places have small areas of steeper soils. Some areas have 
a surface layer of loam. 

Nearly all of this soil is used for cultivated crops. A 
few areas are used for pasture. This soil is suited to all 
crops commonly grown in the county. This soil has a 
slight drought hazard. Soil blowing is a hazard on bare 
fields in winter and spring. This soil is suited to irriga- 
tion, and field crops and vegetables can be irrigated. 

The main management needs are practices that control 
erosion, conserve moisture, and maintain fertility. (Capa- 
bility unit Пе-4; woodland suitability group 6) 
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Barnes Series 


The Barnes series consists of deep, well-drained, un- 
dulating to hilly soils. These soils formed under grasses 
In caleareous loam glacial till. 

In a representative profile. the surface layer is black 
loam about 8 inches thick, The subsoil is about 10 inches 
thick. The upper part is dark-brown loam, and the lower 
part is brown loam. The underlying material is light 
olive-brown loam. 

Barnes soils have high natural fertility, high available 
water capacity, and high organic-matter content. Perme- 
ability is moderate, Reaction in the surface layer is 
neutral. 

If adequate amounts of fertilizer are used and if ero- 
sion control measures are applied, Barnes soils are well 
suited to crops commonly grown in the county. 

Representative profile of Barnes loam, 2 to 6 percent 
slopes, eroded, in a cultivated field where the slope is 
4 percent, 337 feet east and 69 feet north of the southwest 
corner, ЕМ ЭМ, sec. 28, Т. 127 N., В. 40 W. 


Ар--0 to 8 inches, black (10YR 2/1) loam; cloddy, but parts 
to weak, fine, subangular blocky and granular struc- 
ture; friable; common roots; few spots of dark 
brown; about 4 percent coarse fragments; neutral; 
abrupt, smooth boundary. 

B21—8 to 18 inches, dark-brown (10YR 8/3) loam; weak, 
medium, prismatic structure parting to weak, medium 
and coarse, subangular blocky; friable; plentiful 
roots; few black (10YR 2/1) fillings in root channels; 
about 4 percent coarse fragments; neutral; gradual, 
wavy boundary. 

В22--18 to 18 inches, brown (10YR 4/3) loam; weak, medium, 
prismatic structure parting to weak, medium, sub- 
angular blocky; friable; few thin clay films on faces 
of peds; few roots; about 4 percent coarse fragments; 
neutral; gradual, wavy boundary. 

C1—18 to 26 inches, light olive-brown (2.5Y 5/6) loam; weak, 
very fine and fine, subangular blocky structure; fri- 
able; few, fine, distinct, light-gray (10YR 7/1) lime 
spots; few roots; about 4 pereent coarse fragments; 
mildly alkaline; strongly effervescent; gradual, wavy 
boundary. 

C2—26 to 60 inches, light olive-brown (2.5Y 5/4) loam; few, 
fine, distinct, yellowish-brown (10YR 5/6) mottles; 
weak, fine, subangular blocky structure; friable; few, 
fine, distinct, light-gray (10YR 7/1) limy streaks and 
threads; few manganese concretions; about 4 percent 
coarse fragments; mildly alkaline; strongly efferves- 
cent. 


The A horizon is very dark brown in places. It ranges from 
5 to 10 inches in thickness and from loam to clay loam in tex- 
ture. The B horizon ranges from dark grayish brown to dark 
yellowish brown or yellowish brown in color and from loam 
to clay loam in texture. The primary structure ranges from 
weak to moderate, prismatic. Some profiles have a thin, light 
olive-brown, calcareous B8 horizon, 

Barnes soils are associated with Langhei, Aastad, Flom, 
and Quam soils. Barnes soils have a thicker, darker colored 
surface layer than Langhei soils. They are better drained than 
Aastad, Flom, and Quam soils and have a thinner A horizon 
and a browner B horizon than Aastad and Flom soils. 


Barnes loam, 2 to 6 percent slopes, eroded (BaB2).— 
This is an undulating soil that occurs on side slopes. 
The areas vary in size and shape. This soil has complex 
slopes that are 50 to 200 feet long and are concave and 
convex. In a few areas the slopes are more uniform 
than is normal. This soil has the profile described as 
representative for the series. The present surface layer 
consists of the original surface layer mixed with moderate 


amounts of material from the subsoil as a result of ero- 
sion. 

Included in mapping were small areas of somewhat 
excessively drained Langhei soils and moderately well 
drained Aastad and Darnen soils. Also included were 
small areas of less sloping soils, small areas of more 
strongly sloping soils, areas of gravelly soils, spots where 
stones are on the surface, and а few areas that have а 
surface layer of sandy loam. Other inclusions were areas 
of Barnes soils that are adjacent to areas of Sinai soils 
and that have a surface layer of silty clay loam. In ad- 
dition, areas of Barnes soils that are slightly eroded were 
included. 

Nearly all of this soil is used for cultivated crops. À 
few small areas are in pasture. This soil is suited to all 
erops commonly grown in the county. Water runs off 
this soil at а medium rate, and the hazard of erosion is 
moderate. 

The main management needs are practices that control 
erosion, improve fertility and tilth, and conserve mois- 
ture. (Capability unit Пе-1; woodland suitability group 
1) 

Barnes loam, 6 to 12 percent slopes, eroded (BaC2).— 
This is а rolling soil that occurs along the sides and 
around the heads of drainageways and around depres- 
sions. The slopes are complex and are 50 to 250 feet 
long. Along some of the drainageways and around some 
of the sloughs, slopes are more uniform. The profile dif- 
fers from the one described as representative for the 
series in being thinner in most places. This soil has 8 
plow layer that consists of the original surface layer 
mixed with some material from the subsoil because it 
is eroded. 

Included in mapping were small areas of somewhat 
excessively drained Langhei soils and moderately well 
drained Aastad and Darnen soils. Also included were 
small areas of less sloping soils, small areas of more 
strongly sloping soils, areas of gravelly soils, areas of 
uneroded soils, and spots where there are stones on the 
surface. Other inclusions were areas of Barnes soils that 
are adjacent to areas of Sinai soils and that have a sur- 
face layer of silty clay loam. In addition, a few other 
areas that have a surface layer of sandy loam were in- 
cluded. 

Nearly all of this soil is used for cultivated crops. À 
few areas are in pasture, This soil is suited to all crops 
commonly grown in the county. Water runs off this soil 
at a medium to rapid rate. The hazard of erosion is 
moderately severe. 

The main management needs are practices that control 
erosion, improve fertility and tilth, and conserve mois- 
ture. (Capability unit П1е-1; woodland suitability group 
1) 

Barnes-Langhei loams, 2 to 6 percent slopes, eroded 
(BIB2).— These soils are undulating. The areas vary in size 
and shape, have convex and concave relief, and are 50 to 
200 feet long. Barnes soil makes up 60 to 80 percent of the 
areas where the slopes are more uniform. Langhei soil 
makes up 90 to 40 percent of the areas where the slopes 
are convex and more exposed. The surface layer of the 
Langhei soils is light gray when dry. The Barnes and 
Langhei soils occur in such an intricate pattern that it 
is not practical to map them separately. This unit is 
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moderately eroded, and the soils have a surface layer 
that consists of the original surface layer mixed with 
moderate amounts of material from the subsoil. 

Included in mapping were small areas of moderately 
well drained Aastad and Darnen 5015 and ої poorly 
drained Flom ала Vallers soils. Also included were 
small areas of steeper soils, gravelly soils, and severely or 
slightly eroded soils, In addition, some areas where 
stones are scattered on the surface were included. 

Nearly all the acreage is used for cultivated crops. А 
few areas are used for pasture. These soils are suited to 
all crops commonly grown in the county. Langhei soil 
is less suited to crops than Barnes soil because of the 
nutrient imbalance eaused by the high content of lime. 
Surface runoff is medium, and the hazard of erosion is 
moderate. 

The main management needs are practices that control 
erosion, improve fertility and tilth, and conserve mois- 
ture. (Capability unit Пе-1; Barnes part in woodland 
suitability group 1; Langhei part in woodland suitability 
group 2) d 

Barnes-Langhei loams, 6 to 12 percent slopes, eroded 
(BIC2).— These soils are rolling. The areas vary in size and 
shape and have complex topography. Slopes are 75 to 
250 feet long. Barnes soil makes up 50 to 70 percent of 
the area, and Langhei soil, 30 to 50 percent. Barnes soil 
occurs on the more uniform parts of the side slopes, and 

anghei soil is on the exposed knobs, ridges, and knolls 

This unit has been moderately eroded, and the 
surface layer is a mixture of the original surface layer 
and moderate amounts of material from the subsoil. This 
gives the surface laver of the Barnes soil a dark-brownish 
color and the Langhei soil a grayish color when dry. The 
Barnes and Langhei soils in this unit occur in such an 
intrieate pattern that it is not practical to map them 
separately. 

Included in mapping were small areas of the moder- 
ately well drained Aastad and Darnen soils and the 
poorly drained Flom and Vallers soils. Also included 
were small areas of more strongly sloping soils, small 
areas of less sloping soils, areas of gravelly soils, areas 
of severely or slightly eroded soils, and areas where 
Stones are scattered on the surface. 

Nearly all the acreage is used for cultivated crops. А 
few areas are used for pasture. These soils are suited to 
all crops commonly grown in the county. The Langhei 


Figure 8.—Barnes-Langhei loams, 6 to 12 percent slopes, eroded. 
Langhei soils are the lighter colored areas. 


soil is less well suited to crops than the Barnes soil be- 
cause of the nutrient imbalance caused by the high con- 
tent of lime. Surface runoff is medium to rapid, and the 
hazard of erosion is moderately severe. 

The main management needs are practices that con- 
trol erosion, improve fertility and tilth, and conserve 
moisture, (Capability unit IIIe-1; Barnes part in wood- 
land suitability group 1; Langhei part in woodland suit- 
ability group 2) 


Beltrami Series 


The Beltrami series consists of deep, moderately well 
drained, nearly level soils. These soils formed under 
deciduous hardwood forest in calcareous loam glacial till. 

In a representative profile, the surface layer is very 
dark gray loam about 6 inches thick. The subsurface 
layer is grayish-brown sandy loam about 5 inches thick, 
The subsoil is about 23 inches thick. The upper part is 
brown sandy clay loam, the middle part is mottled, olive- 
brown clay loam, and the lower part is mottled, light 
olive-brown sandy clay loam. The underlying material is 
ealcareous, light olive-brown loam. 

The Beltrami soils have medium natural fertility, high 
available water capacity, and medium organic-matter 
content. Permeability is moderate. Reaction in the surface 
layer is neutral. 

Beltrami soils are well suited to the crops commonly 
grown in the county. Some of the areas are wooded. 

Representative profile of Beltrami loam, 1 to 3 percent 
slopes, in a cultivated field where the slope is 1 percent, 
165 feet east and 87 feet north of the southwest corner 
of sec. 7, T. 129 N., К. 87 W. 


Ар--0 to 6 inches, very dark gray (10YR 3/1) loam; weak, 
fine, granular structure; friable; common roots; 
about 5 percent coarse fragments; neutral; abrupt, 
smooth boundary. 

A2—6 to 11 inches, grayish-brown (10YR 5/2) sandy loam; 
weak, thin, platy structure parting to weak, fine, sub- 
angular blocky; friable; common roots; about 5 per- 
cent coarse fragments; neutral; clear, irregular 
boundary. 

B21t—11 to 18 inches, brown (10YR 4/8) sandy clay loam; 
moderate, medium, subangular blocky structure; fri- 
able; many, medium, grayish-brown (10YR 5/2), 
porous coatings on faces of peds; few, thin, dark 
grayish-brown (10YR 4/2) clay films on faces of 
peds; common roots; slightly acid; about 5 percent 
coarse fragments; abrupt, wavy boundary. 

B22t—18 to 25 inches, olive-brown (2.5Y 4/4) clay loam; few, 
fine, distinct, yellowish-brown (10YR 5/6) and light 
brownish-gray (10YR 6/2) mottles; strong, medium 
and coarse, subangular blocky structure ; firm, sticky ; 
many, thick, very dark grayish-brown (10YR 8/2) 
clay films on faces of peds; common roots; about 5 
percent coarse fragments; slightly acid; gradual, 
wavy boundary. 

25 to 34 inches, light olive-brown (2.5Y 5/4) sandy clay 
loam; common, fine, distinct, yellowish-brown (10YR 
5/6) and grayish-brown (2.5Y 5/2) mottles; weak, 
medium, subangular Моску structure; friable, sticky ; 
common very dark brown (10YR 2/2) clay films along 
old root channels ; neutral; abrupt, wavy boundary. 

C—34 to 60 inches, light olive-brown (2.5Y 5/4) loam; few, 

` fine, faint, light olive-brown (2.5Y 5/6) mottles; weak, 
fine, subangular blocky structure; few black concre- 
tions; friable; mildly alkaline; strongly effervescent. 


The A1 or Ap horizon is very dark gray or dark gray in 
color. Its texture typically is loam but is silt loam or sandy 
loam in some areas. The A2 horizon is 4 to 8 inches thick. Its 
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color ranges from dark grayish brown to light brownish gray. 
The B horizon ranges from loam or sandy elay loam to clay 
loam in texture. Content of clay ranges from 20 to 35 percent, 
and the B22t horizon commonly has the most clay. The color 
of the interiors of peds ranges from brown to yellowish brown 
or light olive brown. Clay films are thin to thick and few to 
many. The C horizon is sandy loam or loam. 
Beltrami soils are associated with Nebish and Shooker 
Soils. Beltrami soils are more poorly drained than Nebish 
soils and are better drained than Shooker soils. They contain 
mottles in the B horizon, but Nebish soils lack mottles in that 
horizon. They have browner colors in the B horizon than 
Shooker soils. 
_ Beltrami loam, 1 to 3 percent slopes (BmA).—This soil 
15 nearly level. Tt is in areas that are irregularly shaped 
and variable in size. The areas are on till plains and 
тогапис uplands. Some of the areas are 40 acres or more 
In size. 

Included in mapping were small areas of well-drained 
Nebish soils or poorly drained Shooker soils. In some 
places there are small, shallow, wet depressions. A sur- 
face layer of sandy loam occurs in some areas and there 
are stones on the surface in some places, 

This soil is used for cultivated crops, pasture, and trees. 
It js well suited to all erops commonly grown in the 
county and to production of timber. Most wooded areas 
are grazed or are used as unmanaged woodland. There 
are few limitations to use of this soil. If the organic-mat- 
ter content, fertility. and tilth are maintained and if ero- 
sion 18 controlled, this soil can be cropped intensively. 
(Capability unit I-1; woodland suitability group 1) 


Brophy Series 


The Brophy series consists of very poorly drained, or- 
ganic soils. These soils are in undrained marshes, They 
formed in dead plant tissues derived from hypnum 
mosses and herbaceous plants. 

In a representative profile, the surface layer is black 
and dark-gray peat about 6 inches thick. The middle layer 
is dark-brown peat about 32 inches thick. The underly- 
ing layer is very dark grayish-brown mueky peat. 

Brophy soils have low natural fertility, very high 
available water capacity, and variable permeability. Re- 
action of the surface layer is neutral. 

Brophy soils are used for wildlife habitat, pasture, 
and wild hay. 

Representative profile of Brophy peat, 900 feet north 
and 310 feet west of the southeast corner, SEY, sec. 1, 
T. 130 N., R. 38 W. 


Oe1—90 to 6 inches, layered black (10YR 2/1, broken face) and 
dark-gray (10YR 4/1, broken face) һешіс material, 
very dark gray (10YR 8/1) to dark grayish brown 
(10YR 4/2, rubbed); about 50 percent fiber, about 
20 percent rubbed; massive; nonsticky: mixed her- 
baceous and hypnum fibers; trace of snail shells in 
lower part; about 70 percent mineral material; vio- 
lently effervescent ; neutral; clear, smooth boundary. 

Oi—6 to 88 inches, dark-brown (7.5YR 8/2 and 10YR 3/3, 
broken face) fbric material, dark yellowish brown 
(10YR 3/4, rubbed and pressed); about 80 percent 
fiber, about 50 percent rubbed; massive; nonsticky ; 
about 70 percent hypnum moss fibers, but some minor 
Strata contain as little as 30 percent to as much as 
90 percent hypnum moss fibers; the remainder are 
herbaceous: few, minor, more decomposed and less 
decomposed strata; few snail shells in parts; about 
40 percent mineral material, but some minor strata 
contain as little as 15 percent to as much as 50 per- 


cent; slightly effervescent in some parts to strongly 
effervescent in other parts; neutral; clear, smooth 
boundary. 

Oe2—38 to 57 inches, very dark grayish-brown (10YR 3/2, 
broken face) hemic material, dark brown (10YR 3/8, 
rubbed and pressed); about 50 percent fiber, about 
35 percent rubbed; massive; nonsticky; mostly her- 
baceous fibers, remainder are hypnum moss; trace of 
snail shells; about 40 percent mineral material; 
slightly effervescent; neutral; clear, smooth 
boundary. 

Oe3—57 to 112 inches, hemic materia] that has very dark gray- 
ish-brown (10YR 3/2) fibers and black (10ҮВ 2/1) 
matrix, black (10YR 2/1) to very dark brown (10YR 
2/2, rubbed) ; about 60 percent fiber, about 40 per- 
cent rubbed; massive; nonsticky; mostly herbaceous 
fibers; remainder are hypnum moss; trace of snail 
Shells; about 15 percent mineral material; slightly 
effervescent; neutral. 


The organic soil material is more than 51 inches thick and 
is commonly underlain by limnic sediment at a depth of 10 
feet or less. A mineral substratum, variable in texture, under- 
lies the limnie sediment commonly at a depth of less than 25 
feet. Not more than the upper 12 inches consists of either 
hemie or fibrie material or a combination of the two. The 
fibrie material (Oi horizon) extends to a depth ranging from 
25 to 40 inches. This material terminates in Беше material. 
Reaction in the organie material ranges from neutral to mild- 
ly alkaline. 

Brophy soils differ from the Carlos and Millerville soils in 
having fibrie material more than 13 inches thick at a depth 
between 12 and 35 inches. : 

Brophy peat (Bp).—This soil is nearly level. It occurs in 
large, wet drainageways and depressions that were for- 
merly lakes. 

Included in mapping were small areas that are non- 
calcareous. 

This soil is undrained and is covered with bog birch, 
reeds, sedges, rushes, and in some small areas, tamaracks. 
It provides some food and cover for furbearers and up- 
land game. A few small areas are used for production of 
wild hay. (Capability unit IVw-2; woodland suitability 


group 8) 


Carlos Series 


The Carlos series consists of very poorly drained, or- 
ganic soils. These soils formed mainly in dead plant tis- 
sue derived from sedges, rushes, cattails, and grasses in- 
termingled with layers of marl. They are in sloughs, 
potholes, drainageways, and flats. 

In a representative profile, the surface layer is very 
dark gray muck about 6 inches thick. The next layer is 
gray and grayish-brown marl about 6 inches thick. The 
underlying layer is very dark grayish-brown, strongly 
effervescent mucky peat. 

Carlos soils have low natural fertility, very high avail- 
able water capacity, and high organic-matter content. 
Reaction of the surface layer is neutral. 

Most areas of Carlos soils are undrained and are 
used for pasture and wildlife habitat. 

Representative profile of Carlos muck, in a marsh 210 
feet east and 120 feet north of the southwest corner, 
SW14 sec. 31, Т. 130 N., R. 36 W. 

Oa—0 to 6 inches, very dark gray (10YR 3/1, broken face 
and rubbed) вар с material; about 15 percent fiber, 5 
percent rubbed; massive; nonsticky: herbaceous 
fibers; few snail shells; about 50 percent mineral 


material; violently effervescent: neutral: clear, 
smooth boundary. 
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Lea—6 to 12 inches, gray (10YR 5/1) and grayish-brown 
(10YR 5/2, broken face and rubbed) marl; massive; 
nonsticky; about 70 percent mineral material; few 
thin saprie layers in lower part; few snail shells; 
about 10 percent plant detritus; violently efferves- 
cent; neutral; ር168፻, smooth boundary. 

Oe—12 to 60 inches, very dark grayish-brown (10YR 3/2, 
broken face and rubbed) hemie material; about 40 
percent fibers, about 15 percent mineral material; 
trace of snail shells; strongly effervescent; neutral. 


The thickness of the organic deposits is more than 51 inches. 
Reaction is neutral to mildly alkaline. The color of the sur- 
face layer is variable, depending on the stage of decomposition 
and the amount of marl. It ranges from black to dark gray. 
The color of the hemic material (Oe horizon) ranges from 
very dark grayish brown or dark brown to grayish brown or 
brown. Some soils have layers of fbric (Oi horizon) or 
saprie (Oa horizon) material at depths between 12 and 51 
inches, but neither material has an aggregate thickness of 
more than 10 inches. Layers of marl make up 2 to 24 inches 
of the total thickness of the soil at depths above 51 inches. 

Carlos soils differ from Millerville soils in that they have a 
marl layer and are caleareous. They differ from the similar 
Brophy soils in that they have hemie material more than 13 
inches thick at depths between 21 and 35 inches. 


Carlos muck (Ca).—This soil is nearly level. It is in 
large, wet, flat drainageways and large potholes. 

Included in mapping were small areas that are non- 
calcareous. 

Most of this soil is undrained and is covered with reeds, 
sedges, rushes, willows, and small areas of tamarack. This 
soil provides some food and cover for furbearers and up- 
land game. Parts of a few areas are used for production 
of wild hay. (Capability unit IVw-2; woodland suit- 
ability group 8) 


Cathro Series 


The Cathro series consists of very poorly drained, 
organic soils. These soils formed in dead plant tissue 
derived from sedges, rushes, cattails, and grasses over a 
loamy mineral substratum that begins at a depth of 16 
to 51 inches. They are in sloughs and depressions. 

In a representative profile, the surface layer is black 
muck about 9 inches thick. The next layer is muck about 
82 inches thick. The upper part is very dark brown, and 
the lower part is black. The underlying material is black 
mucky silt loam and dark-gray silt loam. 

Cathro soils have low natural fertility and very high 
available water capacity. Reaction of the surface layer is 
neutral. 

Cathro soils are used for hay, pasture, and crops. 

Representative profile of Cathro muck, 1,312 feet south 
and 408 feet east of the northwest corner, ХУУД sec. 94, 
T. 197 N., R. 36 W. 


0а1--0 to 9 inches, black (10YR 2/1, rubbed) sapric material ; 
less than 5 percent fiber rubbed; weak, very fine, 
granular structure; nonsticky ; neutral; clear, smooth 
boundary. 

Oa2—9 to 16 inches, very dark brown (10YR 2/2, rubbed) 
sapric material: 5 to 10 percent fiber; massive; non- 
sticky ; few thin hemic layers: neutral; clear, smooth 
boundary. 

088--16 to 41 inches, black (10YR 2/1, rubbed) sapric ma- 
terial; less than 5 percent fiber; massive; nonsticky ; 
neutral; abrupt, smooth boundary. 

ITA1b—41 to 48 inches, black (10YR 2/1) mucky silt loam; 
about 85 percent mineral material; massive; friable; 
neutral; diffuse, wavy boundary. 

IICg—48 to 60 inches, dark-gray (БҮ 4/1) silt loam; massive; 
friable; mildly alkaline; strongly effervescent. 


Depth to the underlying mineral material ranges from 16 
to 51 inches. The sapric material typically is black in color 
but ranges to very dark gray, very dark brown. or very dark 
grayish brown. Some places contain layers of hemic material, 
but the total thickness of this material is less than 10 inches. 
The underlying mineral material is loam, silt loam, sandy 
loam, clay loam, or light silty clay loam. Reaction in this 
material ranges from neutral to mildly alkaline. 

Cathro soils differ from the similar Seelyeville soils in 
being underlain by loamy material within a depth of 51 
inches. They differ from Cathro muck, sandy subsoil variant, 
in being underlain by loamy material rather than by gravelly 
sand. They differ from the similar Rifle series in being 
shallower to a mineral substratum. 

Cathro muck (Cc).—This soil is nearly level. It occupies 
depressions, potholes, and drainageways. The areas vary 
in size and shape. All soil areas are flooded in spring, 
and most areas are flooded or wet throughout the year. 

Included in mapping were small areas of the Seelye- 
ville soils and Cathro muck, sandy subsoil variant. Also 
included were small areas that are calcareous and a few 
areas where the organic material is less decomposed 
than typical. 

Most areas of this soil are undrained and are covered 
with marsh vegetation that consists of sedges, rushes, 
reeds, and, in some areas, willows. These areas are well 
suited to wildlife habitat. They provide some food and 
cover for furbearers and upland game. If drained, this 
soil is used for hay or pasture, and a few areas are 
cropped. If adequately drained, this soil is suited to all 
crops commonly grown in the county, but small grains 
often lodge and corn and soybeans may not reach ma- 
turity. Soil blowing is a hazard on bare fields. (Capa- 
bility unit IVw-2; woodland suitability group 8) 


Cathro Series, Sandy Subsoil Variant 


The Cathro series, sandy subsoil variant, consists of 
dark-colored, very poorly drained, nearly level, organic 
soils, These soils formed in dead plant tissue derived 
from sedges, rushes, cattails, and grasses over a loamy 
and sandy mineral substratum that begins at a depth of 
16 to 51 inches. They are in sloughs and potholes. 

In a representative profile, the surface layer is black 
muck about 20 inches thick. This is underlain by the 
mineral substratum. The upper part is dark-gray, strong- 
ly effervescent silty clay loam. The lower part, beginning 
at a depth of about 46 inches, is olive and olive-brown, 
strongly effervescent gravelly sand. 

Cathro soils, sandy subsoil variant, have low natural 
fertility, high available water capacity, and high organic- 
matter content. Reaction of the surface layer is neutral. 

Cathro soils, sandy subsoil variant, are used for hay, 
pasture, and crops. 

Representative profile of Cathro muck, sandy subsoil 
variant, 2,700 feet north and 95 feet east of the southwest 
corner, SW1/4 sec. 9, T. 199 N., R. 36 W. 

Oal—0 to 8 inches, black (10YR 2/1, broken face and rub- 
bed) sapric material; 10 percent fiber, 2 percent 
rubbed; weak, very fine, granular structure; non- 
Sticky; primarily herbaceous fiber; neutral; abrupt, 
smooth boundary. 

Оа2--8 to 20 inches, black (N 2/0, broken face and rubbed) 
saprie material; less than 5 percent rubbed fiber; few, 
medium, distinct, dark-brown (7.5YR 3/2) mottles; 


weak, fine, granular structure; nonsticky ; primarily 
herbaceous fiber; neutral; clear, smootb boundary. 
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IIA1b—20 to 22 inches, Маск (М 2/0) silt loam; few, medi- 
um, distinct, dark-brown (፲.5ኛቼ 3/2) mottles; mas- 
Sive; friable; strongly effervescent; mildly alkaline; 
abrupt, smooth boundary. 

IIC1g—22 to 46 inches, dark-gray (5Y 4/1) silty clay loam; 
few, fine, distinct, light olive-brown (2.5Y 5/6) mot- 
tles; massive; friable; strongly effervescent; mildly 
alkaline; abrupt, smooth boundary. | 

ПІС2--46 to 60 inches, olive (5Y 5/4) and olive-brown (2.5Y 
4/4) gravelly coarse sand; single grain; loose; mild- 
ly alkaline; strongly effervescent. 

Depth to the underlying sandy or gravelly material ranges 
from 16 to 51 inches. There is a finer textured layer, 6 to 30 
inches thick, between the organic soil material and the sandy 
or gravelly material. The sapric material is black, very dark 
gray, very dark brown, very dark grayish brown, or dark 
brown. It has weak, granular structure or is massive. There 
are thin layers ої hemie material in some places, but their 
total thickness is less than 10 inches. The IIClg horizon is 
sandy loam, loam, silt loam, clay loam, or silty clay loam. 
The IIIC2 horizon is sand, coarse sand, or gravelly coarse 
sand, 

Cathro soils, sandy subsoil variant, differ from the similar 
Cathro and Seelyeville soils in having а coarse-textured IIIC 
horizon beginning at a depth above 51 inches. 

Cathro muck, sandy subsoil variant (Ch).—This soil 
occupies depressions, potholes, and drainageways. The 
areas vary in size and shape. All soil areas are flooded 
In spring, and most areas are flooded or wet throughout 
the year, 

Included in mapping were small areas of Cathro and 
Seelyeville soils, Also included were small areas that are 
calcareous. 

Most areas of this soil are undrained and are covered 
with marsh vegetation that consists of sedges, rushes, 
reeds, and, 1n some areas, willows. These areas are well 
suited as wildlife habitat. They provide some food and 
cover for furbearers and upland game. If drained, this 
soil is used for hay or pasture, and a few areas are 
cropped. If adequately drained, this soil is suited to all 
crops commonly grown in the county, but small grains 
often lodge and corn and soybeans may not reach ma- 
turity. Soil blowing is a hazard on bare fields. (Capa- 
bility unit IVw-2; woodland suitability group 8) 


Clarion Series 


The Clarion series consists of deep, well-drained soils 
on uplands. These soils are undulating to rolling. They 
formed under grasses in calcareous glacial till. 

In a representative profile, the surface layer is black 
loam about 8 inches thick. The subsoil is friable, brown 
loam about 14 inches thick. The underlying material is 
strongly effervescent, light olive-brown loam. 

Clarion soils have high natural fertility, high avail- 
able water capacity, and high organic-matter content. 
Permeability is moderate. Reaction of the surface layer 
is neutral. 

If adequate amounts of fertilizer are used and if ero- 
sion control measures are applied, Clarion soils are well 
suited to all crops commonly grown in the county. 

Representative profile of Clarion loam, 2 to 6 percent 
slopes, eroded, in a wildlife area where the slope is 4 
percent, 1,120 feet north and 84 feet west of the southeast 
corner of sec. 9, T. 127 N., R. 36 W. 


Ар-9 to 8 inches, black (10ҮҢ 2/1) loam; weak, fine, granu- 
lar structure; friable; few bleached sand grains; 


common roots; about 5 percent coarse fragments; 
neutral; abrupt, smooth boundary. 

B21—8 to 14 inches, brown (10YR 4/3) loam; faces of peds 
are dark grayish brown (10YR 4/2); weak, medium, 
prismatic structure parting to weak, medium and 
coarse, subangular blocky.; friable; few roots; about 
5 percent coarse fragments; neutral; gradual, wavy 
boundary. , 

В22--14 to 22 inches, brown (10YR 4/8) loam; weak, medium, 
prismatic structure parting to weak, medium, sub- 
angular blocky; friable; few dark-colored concre- 
tions; about 5 percent coarse fragments; neutral; 
clear, wavy boundary. 

C—22 to 60 inches, light olive-brown (2.5Х 5/4) loam; weak, 
fine, subangular blocky structure; friable; few dark- 
colored concretions; common, fine, light-gray (10YR 
7/1) limy segregations; about 5 percent coarse frag- 
ments; mildly alkaline; strongly effervescent. 

The A horizon is black or very dark brown and ranges from 
6 to 10 inches in thickness. It is typically loam, but in places 
it is clay loam or sandy loam. The interiors of the peds in 
the B horizon range from brown through dark yellowish 
brown and dark brown in color. The texture typieally is 
loam, but in places it is clay loam. The B horizon ranges from 
8 to 16 inches in thickness and from weak to moderate in grade 
of structure. 

The average annual temperature of these soils is a few 
degrees cooler than the defined range for the series, but this 
difference does not appreciably alter their usefulness and 
behavior. 

Clarion soils are associated with Flom, Nicollet, and Quam 
soils. Clarion soils are better drained and have browner 
colors in all horizons than those associated soils. In contrast 
to Clarion soils, Flom and Quam soils oceur in draws and 
depressions. 

Clarion loam, 2 to 6 percent slopes, eroded (CIB2).— 
This undulating soil occurs on the till plains in upland 
areas. The soil areas vary in size and shape. Slopes range 
in length from 50 to 250 feet and are mainly convex in 
shape. This soil has the profile described ав representa- 
tive for the series. This soil is moderately eroded and has 
a plow layer that consists of the original surface layer 
mixed with some material from the subsoil. 

Included in mapping were small areas of Flom, 
Nicollet, and Waukon soils. Also included were areas of 
Quam soils in small depressions, small areas that have 
a surface layer of sandy loam, areas of less sloping 
soils, and areas of more strongly sloping soils. Other 
inclusions were areas that are only slightly eroded. 

This soil is suited to all crops commonly grown in the 
county. A few small areas are used for pasture, Water 
runs off this soil at a medium rate, and the hazard of 
further erosion is moderate. 

The main management needs are practices that control 
erosion, improve fertility and tilth, and conserve mois- 
ture. (Capability unit Пе-1; woodland suitability group 
1) 

Clarion loam, 6 to 12 percent slopes, eroded (СІС2).— 
This soil is rolling. It occurs on the till plains in upland 
areas. The soil areas vary in size and shape. The slopes 
are complex, are mainly convex in shape, and are 50 to 
250 feet long. In places along some of the drainageways 
and around some of the sloughs, slopes are more uniform. 
In most: places the profile differs from the one described 
as representative for the series in being shallower. This 
soil is moderately eroded and has a plow layer that con- 
sists of the original surface layer mixed with some ma- 
terial from the subsoil. 

Included in mapping were small areas of somewhat 
excessively drained Langhei soils, moderately well 
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drained Nicollet soils, and poorly drained Flom soils. 
Also included were small areas of less sloping soils, small 
areas of more strongly sloping soils, and areas of gravel- 
ly soils; Other inclusions were a few slightly eroded 
areas. 

Nearly all of this soil is used for cultivated crops. А 
few areas are in pasture. This soil is suited to all crops 
commonly grown in the county. Water runs off this soil 
at à medium to rapid rate, and the hazard of erosion is 
moderate. 

The main management needs are practices that control 
erosion, improve fertility and tilth, and conserve moisture. 
(Capability unit IIIe-1: woodland suitability group 1) 


Clontarf Series 


The Clontarf series consists of very deep, moderately 
well drained, nearly level soils. These soils formed under 
grasses in caleareous sand. They are on outwash plains 
and terraces. 

In a representative profile, the surface layer is black 
sandy loam about 11 inches thick. The subsoil is very 
friable and loose and about 11 inches thick. The upper 
part is very dark grayish-brown light sandy loam, and 
the lower part is dark-brown loamy sand. The underly- 
ing material is yellowish-brown, dark yellowish-brown, 
dark grayish-brown, dark-brown, and very dark grayish- 
brown sand. 

Clontarf soils have medium natural fertility and ог- 
ganic-matter content and low available water capacity. 
Reaction in the surface layer is slightly acid. Permeabil- 
ity is moderately rapid above the sand and rapid in the 
sand. These soils are droughty. 

All crops can be grown, but small grains that mature 
early and have a low requirement for water are better 
suited. 

Representative profile of Clontarf sandy loam, 0 to 2 
percent slopes, in a cultivated field where the slope is 
1 percent, 424 fect north and 195 feet west of the south- 
east corner, ХЕМХЕМ, sec. 11, T. 127 N., R. 37 W. 


Ap—0 to 7 inches, black (10YR 2/1) sandy loam; weak, fine, 
granular structure; very friable; few bleached sand 
grains; slightly acid; clear, smooth boundary. 

A1—7 to 11 inches, black (10YR 2/1) sandy loam; weak, fine, 
granular structure; very friable; few bleached sand 
grains; slightly acid; gradual, smooth boundary. 

B21—11 to 17 inches, very dark grayish-brown (10YR 3/2) 
light sandy loam; few, faint, dark yellowish-brown 
(10YR 3/4) mottles; weak, fine and medium, sub- 
angular blocky strueture parting to weak, fine, granu- 
lar; very friable; few bleached sand grains; slightly 
acid; gradual, smooth boundary. 

B22—17 to 22 inches, dark-brown (10YR 8/8) loamy sand; 
few, fine, faint, dark-brown (7.5YR 3/3) mottles; 
very weak, fine and medium, subangular blocky 
structure; 10086: neutral; clear, smooth boundary. 

IIC1—22 to 85 inches, mixed very dark grayish-brown (10YR 
3/2), dark grayish-brown (10YR 4/2), and dark- 
brown (10YR 3/3) sand: single grain ; loose; neutral ; 
gradual, smooth boundary. 

IIC2—35 to 42 inches, dark yellowish-brown (10YR 4/4) and 
yellowish-brown (10YR 5/4) sand; single grain; 
loose ; neutral; gradual, smooth boundary. 

IIC3—42 to 60 inches, yellowish-brown (10YR 5/4) sand; 
many, medium and coarse, distinct, dark reddish- 
brown (2.5YR 8/4) mottles; single grain; loose, mild- 
ly alkaline. 


The A horizon is black or very dark brown loam or sandy 
loam. It ranges from 8 to 12 inches thick. Reaction is neutral 
to slightly acid. The B horizon is very dark grayish brown to 
grayish brown or olive brown to light olive brown or dark 
brown in color. The B21 horizon is sandy loam or loam, and 
the B22 horizon is loamy sand or sandy loam. The C horizon 
is fine sand or sand. 

Clontarf soils are associated with Arveson, Dassel and 
Sverdrup soils. Clontarf soils are more poorly drained and 
have a thicker A horizon than Sverdrup soils. They are bet- 
ter drained and have browner colors below the À horizon than 
Arveson and Dassel soils. 

Clontarf sandy loam, 0 to 2 percent slopes (CmA).— 
This soil occurs in outwash areas. The areas vary 18 size 
and shape. Some are large, and some are narrow and 
elongated. 

Included in mapping were small areas of Sverdrup 
soils and Dassel soils. Also included were а few moderate- 
ly eroded areas and a few areas that have a surface layer 
and subsoil of loamy sand and are shallower to sand than 
ів typical. 

Nearly all of this soil is used for cultivated crops. А 
few areas are used for pasture. This soil is suited to all 
crops commonly grown in the county, but is better suited 
to early maturing erops because of the drought hazard. 
Soil blowing is a hazard on unprotected fields during 
winter and spring. This soil is suited to irrigation, and 
field crops and vegetables can be irrigated. 

The main management needs are practices that control 
erosion, improve fertility, and conserve moisture. (Сара- 
bility unit IITe-4; woodland suitability group 6) 


Colvin Series 


The Colvin series consists of poorly drained, nearly 
level soils. These soils formed under grasses in cal- 
careous, silty material. 

In a representative profile, the surface layer is silt 
loam about 18 inches thick. The upper 12 inches is black, 
and the lower 6 inches is very dark gray. The underlying 
material is mottled silt loam. The upper part is dark 
gray, the middle part is gray, and the lower part is olive 
gray. 

Colvin soils have medium natural fertility. very high 
available water capacity, and high organic-matter con- 
tent. Reaction in the surface layer is mildly alkaline. 
Permeability is moderate to moderately slow. 

If they receive good management, corrective fertiliza- 
tion, and adequate drainage, these soils are suited to all 
crops commonly grown in the county. 

Representative profile of Colvin silt loam, in a culti- 
vated field where the slope is nearly level, 1,075 feet 
south and 102 fect east of the northwest corner of sec. 
88, T. 197 N.. ቪ 56 W. 

Ар--0 to 7 inches, Біаск (10YR 2/1) silt loam; weak, very 
fine, granular structure; friable; many roots; strong- 
ly effervescent; mildly alkaline; abrupt, smooth 
boundary. 

A1—7 to 12 inches, black (10YR 2/1) silt loam; few inclu- 
sions of very dark gray (10YR 3/1) ; weak, very fine, 
granular structure; friable; common roots; strongly 
effervescent: mildly alkaline; abrupt, irregular 
boundary. 

АЗса--12 to 18 inches, very dark gray (10YR 3/1) silt loam; 
weak, very fine, granular structure; friable; com- 
mon roots; strongly effervescent; mildly alkaline; 
gradual, wavy boundary. 
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Сісає--18 to 28 inches, dark-gray (2.5Y 4/1) silt loam; few, 
fine, distinct, yellowish-brown (10ҮВ 5/6) mottles; 
weak, very fine, subangular blocky strueture; friable ; 
few roots, strongly effervescent; mildly alkaline; 
clear, wavy boundary. 

C2g—23 to 30 inches, gray (5Y 5/1) silt loam; weak, very fine, 
subangular blocky structure; friable: few roots; 
strongly effervescent; mildly alkaline; clear, wavy 
boundary. 

C3g—30 to 36 inches, olive-gray (БҮ 5/2) silt loam; few, fine, 
distinct, yellowish-brown (10YR 5/6) mottles; weak, 
very fine, subangular blocky structure; friable; few, 
fine, light-gray (10YR 7/1) limy segregations; few 
roots; strongly effervescent; mildy alkaline; gradual, 
wavy boundary. 

C4g—36 to 60 inches, olive-gray (5Y 5/2) silt loam; many, 
medium, prominent, brown (7.5YR 4/4) mottles; 
weak, very fine, subangular blocky structure; friable; 
common, medium, distinct, light-gray (10YR 7/1) 
limy segregations; strongly effervescent; mildly 
alkaline. 


The A horizon is black or very dark gray. It is silt loam or 
silty clay loam in texture and ranges from 10 to 20 inches in 
thickness. The C horizon is silt loam or silty clay loam. 

Colvin soils are associated with Hantho soils. They are 
more poorly drained than Hantho soils and contain lime in the 
A horizon. 

Colvin silt loam (Co).—This soil is nearly level. The 
areas are irregular in size and shape. Some areas are 
broad flats, and some are elongated waterways. This soil 
has the profile described as representative for the series. 

Included in mapping were small areas of Colvin silt 
loam, depressional, and of Hantho soils. Also included 
were areas where there are pebbles and stones on the 
surface and glacial till or sand is at a depth of less than 
40 inches, 

This poorly drained soil requires additional drainage. 
The water table fluctuates between a depth of 2 and 5 
feet. This soil can be drained by open ditches or tile. If 
adequately drained, this soil is suited to all the crops 
commonly grown in the county, 

The main management needs are improving drainage, 
controlling soil blowing, and improving fertility and 
аи (Capability unit IIw-3; woodland suitability group 
5 

Colvin silt loam, depressional (Cp).—This nearly level 
soil occupies depressions and drainageways in the la- 
custrine areas of the county. It is flooded in spring and 
often throughout the year. The profile differs from the 
profile described as representative for the series in hav- 
ing a thicker dark-colored surface layér and in being 
very poorly drained. 

Included in mapping were small areas of Colvin soils. 
Some areas differ in having a mueky surface layer, 

If undrained, the soil is covered with marsh vegeta- 
tion consisting of sedges, reeds, rushes, or willows, The 
undrained areas are well suited as wildlife habitat. They 
provide food, cover, and nesting for waterfowl, fur- 
bearers, and upland game. Many of these areas can be 
improved for wildlife bv exposing open water or by 
creating additional open water. 

If drained, this soil is used for crops, pasture, and 
hay, depending on the kind of drainage system installed. 
If adequately drained, this soil is suited to all crops 
commonly grown in the county. Small grains tend to 
lodge, and corn and soybeans may not reach maturity 
m year. This soil may be drained by open ditches or 
tile. 


The main management needs are drainage and mainte- 
nance of fertility and tilth. (Capability unit IIIw-1, 
woodland suitability group 5) 


Darnen Series 


The Darnen series consists of deep, nearly level to 
gently sloping, moderately well drained to well drained 
soils. These soils formed under grasses in colluvial ma- 
terial at the bottoms of steep slopes and on fans at the 
ends of drainageways. 

In a representative profile, the surface layer is black 
loam about 30 inches thick. The subsoil is loam about 16 
inches thick. The upper part is black mixed with dark 
yellowish brown, and the lower part is very dark grayish 
brown and dark grayish brown. The underlying material 
is olive-brown and light olive-brown loam. 

Darnen soils have high natural fertility, high organic- 
matter content, and high to very high available water ca- 
pacity. Reaction of the surface layer is neutral. Perme- 
ability is moderate. 

Darnen soils are free of stones, are easy to work, and 
are well suited to crops. 

Representative profile of Darnen loam, 1 to 4 percent 
slopes, in a pasture where the slope is 2 percent, 1,340 feet 
east and 60 feet north of the southwest corner of sec. 7, 
T. 127 N., R. 40 W. 


А11--0 to 8 inches, black (10YR 2/1) loam; weak, very fine 
and fine, granular structure; very friable; common 
roots; few bleached sand grains; neutral; abrupt, 
Smooth boundary. 

A12—8 to 19 inches, black (10YR 2/1) loam; weak, very fine, 
granular structure; very friable; few bleached sand 
grains; neutral; gradual, smooth boundary. 

A13—19 to 30 inches, black (10YR 2/1) loam; few spots of 
dark yellowish brown (10YR 4/4) ; weak, fine, granu- 
lar structure; very friable; few bleached sand grains ; 
neutral; clear, smooth boundary. 

В21--30 to 42 inches, loam that is black (10YR 2/1) mixed 
with dark yellowish-brown (10YR 4/4); weak, fine 
and medium, granular structure; friable; few 
bleached sand grains; neutral; clear, smooth 
boundary. 

B22—42 to 46 inches, very dark grayish-brown (10YR 8/2) 
and dark grayish-brown (10YR 4/2) loam; weak, fine, 
subangular blocky structure parting to weak, fine, 
granular; friable; slightly effervescent; mildly alka- 
line; clear, smooth boundary. 

C1—46 to 55 inches, olive-brown (2.5Y 4/4) loam: massive; 
friable; strongly effervescent; mildly alkaline; gradu- 
al, smooth boundary. 

C2—55 to 68 inches, light olive-brown (2.5፻ 5/6) loam; mas- 
Sive; friable; few, small, prominent limy segrega- 
tions; strongly effervescent; mildly alkaline. 


The A horizon is 18 to 48 inches thick and is loam or silt 
loam. The B horizon is loam, silt loam, or light clay loam and 
ranges from 10 to 20 inches in thickness. The structure is 
weak, granular or subangular blocky. 

Darnen soils are associated with Barnes and Waukon soils. 
They differ from these soils in having a thicker A horizon. 

Darnen loam, 1 to 4 percent slopes (DaA).—This soil 
occurs as long, narrow strips along the base of the 
stronger slopes. In places it is delta-shaped at the mouth 
of waterways in the morainic upland areas. 

Included in mapping were small areas of Barnes, 
Aastad, and Flom soils. In some places the black sur- 
face layer is thicker than normal, and in others it is silt 
loam. 
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Most areas of this soil are in permanent pasture, be- 
cause this soil is associated with more strongly sloping 
soils. Most of the areas are small and are farmed along 
with the adjacent soils. This soil is suited to all the 
crops commonly grown in the county. 

'The main management need is control of erosion in 
the larger areas. (Capability unit I-1; woodland suit- 
ability group 1) 


Dassel Series 


The Dassel series consists of nearly level, poorly 
drained and very poorly drained soils underlain by cal- 
careous sand, These soils occur in shallow potholes and 
drainageways. They formed under grasses and scattered 
clumps of willows and brush on outwash plains and in 
upland areas of the county. 

In a representative profile. the surface layer is black 
sandy loam about 8 inches thick. The subsoil is about 
17 inches thick. The upper part is mottled, dark grayish- 
brown sandy loam, the middle part is mottled, grayish- 
brown loamy sand; and the lower part is mottled, olive- 
gray loam. The underlying material is mottled, grayish- 
brown, brown, and light brownish-gray sand. 

Dassel soils have low natural fertility, low available 
water capacity, and medium organic-matter content. 
Reaction of the surface layer is slightly acid, Permeabil- 
ity is moderately rapid above the sand and rapid in the 
sand. 

If adequately drained, this soil is suited to all crops 
commonly grown in the county. 

Representative profile of Dassel sandy loam, 120 feet 
south and 1,840 feet east of the northwest corner, КАЛИ 
вес. 19, T. 127 N., R. 37 W. 


Ар-9 to 8 inehes, black (10YR 2/1) sandy loam; weak, very 
fine and fine, granular structure; very friable; slight- 
ly acid ; abrupt, smooth boundary. 

B21—8 to 19 inches, dark grayish-brown (2.5Ү 4/2) sandy 
loam; common, fine and medium, prominent, dark- 
brown (7.5YR 3/2) and brown 7.5YR 4/4) mottles; 
weak, fine and medium, subangular blocky structure; 
very friable; few black concretions; slightly acid; 
gradual, wavy boundary. 

B22—19 to 23 inches, grayish-brown (2.5Y 5/2) loamy sand; 
common, fine, prominent, brown (7.5YR 4/4) mottles; 
massive; very friable; slightly acid; clear, wavy 
boundary. 

IIB28—23 to 25 inches, olive-gray (БҮ 5/2) loam; common, 
fine, prominent, brown (7.5YR 4/4) mottles; massive ; 
friable; medium acid; abrupt, wavy boundary. 

IIIC1—25 to 28 inches, grayish-brown (2.5Y 5/2) and brown 
(7.5YR 4/4) sand; single grain; loose; neutral; 
gradual, wavy boundary. 

IIIC2—28 to 50 inches, grayish-brown (2.57 5/2) sand; few, 
fine, distinet, yellowish-brown (10YR 5/6) mottles; 
single grain; loose; neutral; abrupt, wavy boundary. 

IIIC3—50 to 60 inches, light brownish-gray (2.5Y 6/2) sand; 
single grain; loose; slightly effervescent; mildly 
alkaline. 


Тһе А horizon is loam or sandy loam 6 to 12 inches thick. 
The B horizon ranges from olive to olive gray, from dark gray- 
ish brown to light brownish gray, or from olive brown to light 
olive brown. It is stratified, and the finer textured parts are 
loam, sandy loam, or sandy elay loam. The IIIC horizon is 
mostly sand, but there are strata of fine sand in some areas. 
Depth to free carbonates ranges from 40 to 60 inches. 

The annual temperature of these soils is a few degrees cooler 
than the defined range for the series, but this difference does 
not alter their usefulness and behavior. 


Dassel soils are associated with Sverdrup, Агуевоп, and 
Clontarf soils. They are more poorly drained and have а 
grayer B horizon than Clontarf and Sverdrup soils. Dassel 
soils lack free carbonates in the À horizon, but Arveson soils 
contain free carbonates in that horizon. 

Dassel sandy loam (Dd).—This soil is nearly level. It 
is in drainageways and other areas on the outwash plains. 
Some areas are fairly large and are variable in shape, 
but the drainageways are generally 50 to 200 feet wide. 
This soil has the profile described as representative for 
the series. 

Included in mapping were small bodies of Arveson 
and Clontarf 80115. Also included were small caleareous 
spots, areas where loam till occurs within a depth of 40 
inches, and a few places where the surface layer is loam. 

Depth to the water table ranges from 3 to 4 fect. Soil 
blowing is a hazard on unprotected fields during winter 
and spring. 

Some areas of this soil have been drained by open 
ditches. If adequately drained, this soil is used for all 
the crops commonly grown in the county. Some areas are 
used for pasture. This soil is less suited to crops during 
dry spells that cause drought. 

The main management needs are drainage, control of 
erosion, and maintenance of fertility. (Capability unit 
IVw-1; woodland suitability group 8) 

Dassel sandy loam, depressional (De}——This soil is 
nearly level. I$ occurs in enclosed circular depressions 
on outwash plains. This soil differs from the one de- 
seribed as representative for the series in being very 
poorly drained. 

Included in mapping were small areas of Dassel sandy 
loam and some areas where the surface layer is calcareous. 

If undrained, this soil is generally covered with vege- 
tation consisting of reeds, sedges, and rushes. These un- 
drained areas are well suited as wildlife habitat. They 
provide nesting, mating, and escape cover for waterfowl, 
furbearers, and upland game. If drained, this soil is used 
for hay, pasture, or crops. If adequately drained, it is 
suited to all crops commonly grown in the county. 

The main management needs are drainage and mainte- 
nance of fertility. (Capability unit IVw-1; woodland 
suitability group 3) 


Dorset Series 


The Dorset series consists of somewhat excessively 
drained and well-drained, nearly level to rolling soils. 
These soils formed under grasses that were succeeded by 
deciduous trees. They formed in loamy material and 
are shallow and moderately deep to calcareous sand and 
gravel. 

In a representative profile, the surface layer is black 
sandy loam about 8 inches thick. The subsoil is dark 
brown and about 17 inches thick. The upper part is 
sandy loam, the middle part is gravelly loamy coarse 
sand; and the lower part is gravelly coarse sand. The 
underlying material is brown gravelly coarse sand. 

Dorset soils have low to medium natural fertility, low 
available water capacity, and low to medium organic- 
matter content in the surface layer. Reaction of the sur- 
face layer is slightly acid. Permeability is moderately 
rapid in the sandy loam material and rapid below. 
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Gravel pits have been opened on these soils and are 
à good source of gravel. These soils are droughty and 
not well suited to crops in most years. 

Representative profile ої Dorset sandy loam, 0 to 9 
percent slopes, in a cultivated field where the slope is 1 
percent, 680 feet south and 180 feet west of the northeast 
corner, SEL, sec. 27, T. 130 N., R. 36 W. 

Ар--0 to 8 inches, black (10YR 2/1) sandy loam, dark gray 
(10ҮН 4/1) when dry; weak, fine and medium, 
granular structure; friable; slightly acid; abrupt, 
smooth boundary. 

B2t—8 to 16 inches, dark-brown (7.5YR 3/4) sandy loam; 
weak, fine and medium, subangular blocky structure 
parting to weak, very fine and fine, granular struc- 
ture; friable; common, thin, porous, grayish coats 
on faces of peds; few, thin, dark-brown (7.5YR 
3/2) clay films on faces of peds in lower part; neu- 
tral; clear, wavy boundary. 

118311---16 to 19 inches, dark-brown (7.5YR 3/2) gravelly 
loamy coarse sand; weak, coarse, subangular blocky 
structure parting to weak, very fine, granular; very 
friable; few thin clay films on faces of peds and 
common clay bridges between sand grains; about 35 
percent gravel; neutral; clear, wavy boundary. 

IIB32t—19 to 25 inches, dark-brown (7.5YR 3/3) gravelly 
coarse sand; single grain; loose; few thin clay films 
on sand grains; about 40 percent gravel; neutral; 
clear, wavy boundary. 

ПС-25 to 60 inches, brown (7.5YR 4/2) gravelly coarse 
sand; single grain; loose; mildly alkaline; strongly 
effervescent. 

_ The A horizon is black or very dark gray sandy loam or 

light loam. In some profiles there is a thin, discontinuous 

A2 horizon that is 1 to 2 inches thick. The B2t horizon is 

loam or sandy loam 6 to 18 inches thick. Depth to loamy 

sand or coarser textures ranges from 12 to 26 inches. Depth 
to the IIC horizon ranges from 18 to 34 inches. 

Dorset soils are associated with Sioux soils. They have a 
thicker sclum than Sioux soils, They have a B horizon that 
has an accumulation of clay, but the Arvilla soils, which are 
similar, lack that feature. 

Dorset sandy loam, 0 to 2 percent slopes (DoA) Тв 
soil is nearly level. It is in outwash areas. The areas are 
variable in size and shape. This soil has the profile de- 
scribed as representative for the series, 

Included in mapping were small areas of Sioux, Osakis, 
and Forada soils, Also included were small areas of more 
strongly sloping soils and areas of eroded soils. Also 
included were a few areas that are underlain by loam till 
within a depth of 40 inches. 

This soil is used for crops. pasture, and woodland. АП 
the crops common in the county can be grown. Early ma- 
turing crops are better suited to this soil, since they can 
make better use of the limited amount of moisture 
available. Soil blowing is a hazard on fields left unpro- 
tected during winter and spring. This soil is suited to 
irrigation, and field crops and vegetables can be irrigated. 

Main management. needs are controlling erosion, con- 
Serving moisture, and maintaining fertility. (Capability 
unit IIJe-3; woodland suitability group 6) 

Dorset sandy loam, 2 to 6 percent slopes (Do8).—This 
soil is gently sloping and undulating. It occupies rises in 
the outwash areas and on uplands. The areas are variable 
In size and irregular in shape. The slopes are short, 
ranging from 50 to 200 feet long. There are many nar- 
row drainageways and small depressions scattered 
throughout the areas. The profile differs from the one 
described as representative for the series in being thinner. 

Included in mapping were a few areas of Sioux, Osakis, 


and Forada soils. Also included were areas of less slop- 
ing soils, areas of more strongly sloping soils, eroded 
areas, and areas where the surface layer is loam. Also 
included were a few areas that are underlain by loam 
till within a depth of 40 inches. 

Most areas of this soil are used for crops, but a few 
are used for pasture or woodland. All the crops common 
in the county can be grown. Early maturing crops are 
better suited because of the drought hazard. This soil 
is suited to irrigation, and field crops and vegetables can 
be irrigated. Water runs off this soil at a medium rate. 
The hazard of further erosion is moderate. 

The main management needs are controlling erosion, 
conserving moisture, and maintaining fertility. (Capa- 
bility unit IIIe-3; woodland suitability group 6) 

Dorset sandy loam, 6 to 12 percent slopes (DoC).— 
This sloping and rolling soil occurs in outwash areas 
and on uplands parallel to waterways or around sloughs. 
Slopes are irregular and range from 50 to 200 feet in 
length. The profile differs from the one described as rep- 
resentative for the series in being more shallow to gravel. 

Included in mapping were areas of Sioux soils, areas 
where the surface layer is loamy sand, and areas that 
are darker in color. Also included were small areas of 
less sloping soils, areas of more strongly sloping soils, 
and some eroded areas. 

This soil is used for crops, woodland, and pasture. All 
the crops common in the county can be grown. Drought- 
iness is a serious limitation. Water runs off this soil at 
a medium to rapid rate. The hazard of further erosion 
is moderately severe. 

The main management needs are controlling erosion, 
conserving moisture, and improving fertility. (Capability 
unit IVe-2; woodland suitability group 6) 

Dorset sandy loam, thick solum, 0 to 2 percent slopes 
(DpA).—This soil is nearly level. It is in outwash areas. 
A few of the areas are quite large. The profile of this 
soil differs from the one described as representative for 
the series in having a thicker medium-textured subsoil. 
Тп addition, the depth to gravelly coarse sand ranges 
from 22 to 36 inches. 

Included in mapping were small areas of more strong- 
ly sloping soils and areas of eroded soil. A few areas 
are underlain by sand. Also included were a few areas 
that have a loam surface layer and are 32 to 48 inches 
deep to sand. 

Most areas are used for crops. A few areas are used 
for pasture or woodland. This soil is suited to all the 
crops commonly grown in the county. This soil has a 
drought hazard during prolonged dry seasons. Soil blow- 
ing 15 а hazard on unprotected fields during winter and 
spring. 

The main management needs are practices that control 
erosion. improve fertility and tilth, and conserve mois- 
ture, (Capability unit Пе-4; woodland suitability group 
6) 

Dorset sandy loam, thick solum, 2 to 6 percent slopes 
(DpB).—This soil is gently sloping. It is in outwash areas. 
The areas are variable in size and shape. The profile 
differs from the one described as representative for the 
series in having a thicker medium-textured subsoil. In 
addition, the depth to gravelly coarse sand ranges from 
29 to 36 inches. 


22 SOIL SURVEY 


Included in mapping were small areas of less sloping 
soils and small areas of more strongly sloping soils. À 
few areas are underlain by sand, and a few are eroded. 
Also included were a few areas that have a loam surface 
layer and subsoil and are 82 to 48 inches deep to sand. 

Most areas are used for erops. А few areas are used 
for pasture or woodland. This soil is suited to all erops 
commonly grown in the county. This soil has a drought 
hazard during prolonged dry periods. Water runs off 
at а medium rate, and the hazard of erosion is moderate. 

The main management needs are practices that con- 
trol erosion. improve fertilitv and tilth, and conserve 
moisture. (Capability unit Пе-4; woodland suitability 
group 6) 

Dorset sandy loam, thick solum, 6 to 12 percent slopes 
(DpC].— This soil is rolling and sloping. It is in outwash 
areas around sloughs and drainageways. The areas are 
variable in size and shape. The profile differs from the 
one described as representative for the series in having 
a thicker, medium-textured subsoil and а depth to gravel- 
ly eoarse sand of 22 to 36 inches. 

Included in mapping were some areas that are eroded, 
а few small areas of less sloping soils, and a few 
small areas of more strongly sloping soils. Also included 
were a few areas that have a loam surface layer and 
subsoil and are 32 to 48 inches deep to sand. 

Most areas are used for crops. А few areas are in 
pasture or woodland. All erops common in the area can 
be grown. This soil has a drought hazard during pro- 
longed dry seasons, Water runs off this soil at a medium 
to rapid rate. The hazard of further erosion is moderate- 
ly severe. 

The main management needs are controlling erosion, 
conserving moisture, and maintaining fertility and tilth. 
(Capability unit IIIe-3; woodland suitability group 6) 


Dovray Series 


The Dovray series consists of very poorly drained, 
nearly level soils that formed in calcareous silty clay or 
clay till or lacustrine material. These soils occur in 
sloughs and potholes and formed under vegetation con- 
sisting of marsh grass and cattails. 

In a representative profile, the surface layer is black 
and about 44 inches thick. The upper 7 inches is mucky 
silty clay, and the lower 37 inches is silty clay. The un- 
derlying material is dark-gray to gray, calcareous silty 
clay that has yellowish-brown and brown mottles. 

Dovray soils have medium available water capacity, 
high natural fertility, and high organic-matter content. 
Reaction of the surface layer is slightly acid. Permeability 
is very slow. 

Dovray soils have a high content of clay, and proper 
management is needed to keep them productive and easy 
to work. 

Representative profile of Dovray mucky silty clay, in 
a drained depression, 650 feet south and 130 feet west 
of the northeast corner of sec. 25, Т. 129 N., R. 40 W. 

Ар--0 to 7 inches, Маск (10YR 2/1) mucky silty clay; mod- 
erate, fine, granular structure; friable; many roots; 
slightly acid; abrupt, smooth boundary. 

А11--Т to 15 inches, Маек (N 2/0) silty clay; weak, thin, 
platy structure parting to weak, very fine, subangular 


blocky; slightly sticky ; many roots; neutral; gradual, 
wavy boundary. 

ል12---15 to 23 inches, black (N 2/0) silty clay; moderate, 
very fine and fine, subangular blocky structure; 
sticky ; few roots; neutral; gradual, wavy boundary. 

А13--23 to 44 inches. black (5Х 2/1) silty clay; few, fine, 
distinct, light olive-brown (2.5Y 5/6) mottles; mod- 
erate, very fine, subangular blocky structure; sticky; 
few reddish stains along root channels; neutral; 
clear, wavy boundary. 

01-44 to 48 inches, gray (БҮ 5/1) silty clay; common, 
medium, distinct, yellowish-brown (10YR 5/6) mot- 
tles; moderate, very fine, subangular blocky struc- 
ture; sticky; mildly alkaline; strongly effervescent ; 
clear, wavy boundary. 

C2—48 to 60 inches, dark-gray (БҮ 4/1) silty clay; many, 
medium, prominent, brown (7.5YR 4/4) mottles; 
weak, very fine, subangular blocky structure; sticky ; 
mildly alkaline; strongly effervescent. 


The Ap horizon or, if the Ap horizon is lacking, the А11 
horizon is commonly mucky silty clay or mucky clay, but 
in places it is silty clay, clay, or silty clay loam. The rest 
of the A horizon is silty clay or clay. The A horizon is 24 to 
50 inches thick. The C horizon is silty clay or clay, and its 
color ranges from very dark gray to gray or from dark 
olive gray to olive gray. Depth to lime ranges from 20 to 
50 inches. 

Dovray soils are associated with Fulda and Sinai soils. 
Поугау soils differ from Fulda and Sinai soils in being more 
poorly drained and in having a thicker A horizon. 

Dovray mucky silty clay (Dv).—This soil is nearly level. 
It is in depressions and potholes. It is flooded in spring 
and often throughout the entire year. 

Included in mapping were some small areas of Fulda 
and Cathro soils. Also included were some areas of Dov- 
ray soil that does not have a mucky surface layer and 
some areas where the soil is black to a depth of more 
than 60 inches. 

Tf undrained, this soil is covered with marsh vegeta- 
tion consisting of reeds, sedges, and rushes. These un- 
drained areas provide excellent food and cover for wild- 
life. Many of these areas can be improved by digging or 
blasting level ditches or trenches to provide additional 
open water. 

If drained, this soil is suited to all crops common in 
the county. It is better suited to corn and soybeans than 
to small grains, because small grains have a tendency 
to lodge. 

The main management needs are practices that im- 
prove drainage and maintain fertility and tilth. (Capa- 
bility unit 1115-1: woodland suitability group 4) 


Flom Series 


The Flom series consists of poorly drained, nearly 
level soils in shallow depressions, drainageways, swales, 
and flats. These soils formed under vegetation consisting 
of prairie and marsh grasses. 

In a representative profile, the surface layer is about 
17 inches thick| (fig. 9), The upper part is black silty clay 
loam, and the Tower part is very dark gray clay loam. 
The subsoil is dark grayish-brown clay loam about 7 
inches thick that has light olive-brown mottles. The 
underlying material is light olive-gray loam. 

Flom soils have a high available water capacity, high 
natural fertility, and in the surface layer, high organic- 
matter content. Reaction in the surface layer is neutral. 
Permeability is moderate. 
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Figure 9.—Typical profile ої Ном silty clay loam. The upper 17 
inches is the dark-colored surface layer. 


If adequately drained, fertilized, and managed, Flom 
soils are well suited to the crops commonly grown in 
the county. 

Representative profile of Flom silty Фау loam, in a 
wildlife area where the slope is 1 percent, 410 feet east 
and 55 feet south of the northwest corner, NEY, sec. 
29, T. 129 N., R. 40 W. 


Ар—0 to 7 inches, black (N 2/0) silty clay loam that is at 
the high end of the range in content of sand ; cloddy, 
but parts to weak, medium and coarse, granular 
structure; friable; neutral; abrupt, smooth boundary. 

Ai—7 to 18 inches, Маек (N 2/0) silty clay loam that is at 
the high end of the range in content of sand; weak, 
medium and coarse, granular structure; friable; neu- 
tral; abrupt, wavy boundary. 

А8--13 to 17 inches, very dark gray (10YR 3/1) clay loam; 
weak, fine, subangular blocky structure; friable; 
about 4 percent coarse fragments; mildly alkaline; 
clear, wavy boundary. 

B2g—17 to 24 inches, dark grayish-brown (2.5Y 4/2) clay 
loam; few, fine, distinct, light olive-brown (2.5Y 
5/6) mottles; weak, medium, subangular blocky 
structure ; friable; about 4 percent coarse fragments; 
mildly alkaline; abrupt, wavy boundary. 

Clg—24 to 87 inehes, light olive-gray (5Y 6/2) loam; few, 
fine, distinct, light olive-brown (9.5Ү 5/6) mottles ; 
weak, fine, subangular blocky structure; friable; 
about 4 percent coarse fragments: strongly effer- 
vescent; mildly alkaline; gradual, wavy boundary. 

C2g—37 to 60 inches, light olivegray (5Y 6/2) loam; many, 
medium, distinct, light olive-brown (2.5Y 5/6) mot- 
tles; weak, fine, subangular blocky structure; friable ; 
about 4 percent coarse fragments: few light-gray 
(10YR 7/1) lime threads; strongly effervescent: 
mildy alkaline. 


Texture in all of the horizons ranges from loam to silty 
clay loam. The number, size, color, and distinetness of the 
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mottles are variable and depend on depth to the water table 
and position of the soil on the landscape. The B horizon 
ranges from very dark grayish brown to grayish brown. The 
C horizon is mainly grayish brown, olive gray, light olive 
gray, and gray. Depth to free lime is variable, ranging from 
16 to 36 inches. 

Flom soils are associated with Aastad, Barnes, Quam, and 
Vallers soils. Flom soils are in lower positions than Barnes 
and Aastad soils, and they have a grayer B horizon than 
those soils. They differ from the Vallers soils in that their 
A horizon is not limy. They have a thinner A horizon than 
Quam soils. ) 

Flom silty clay loam (0 to 3 percent slopes) (Fa).—This 
soil is in shallow, circular or oblong depressions and in 
swales and drainageways on the till plains and in mor- 
ainic upland areas. It is wet after spring runoff or after 
rain in summer, 

Included in mapping were small areas of Vallers, 
Darnen, and Aastad soils, Also included were areas where 
the surface layer is thicker than normal and some areas 
where the surface layer is limy. 

This soil is not suited to cultivation unless drained. If 
adequately drained, it is suited to all the crops com- 
monly grown in the county. Open ditches provide ade- 
quate drainage in most years, but a tile system is needed 
for complete drainage. 

The main management needs are drainage and mainte- 
nance of fertility and tilth. (Capability unit IIw-1; 
woodland suitability group 4) 


Forada Series 


The Forada series consists of nearly level, poorly 
drained and very poorly drained soils that formed in 
loamy material underlain by calcareous sand and gravel 
at a depth of 22 to 40 inches. These soils formed under 
grass vegetation on nearly level topography in outwash 
plains and upland areas. 

In a representative profile, the surface layer is sandy 
loam about 16 inches thick, The upper 9 inches is black, 
and the lower part is very dark gray. The subsoil is 
about 12 inches thick. The upper part is mottled, dark 
grayish-brown sandy loam. The lower part is mottled, 
grayish-brown loam. The underlying material is light 
brownish-gray and dark grayish-brown coarse sand. 

Forada soils have high natural fertility, low to medium 
available water capacity, and high organic-matter con- 
tent. Permeability is moderately rapid in the sandy loam 
material and rapid in the coarse sand. 

These soils have a high water table during spring and 
in wet periods at other times of the year. If this soil is 
adequately drained, all the common crops can be grown. 

Representative profile of Forada sandy loam, in a 
cultivated field where the slope is 1 percent, 185 feet 
north of the southwest corner, ХЕМ sec. 25, Т. 127 N., 
Б. 37 W. 

Ap 一 0 to 9 inches, black (10YR 2/1) sandy loam; weak, very 
fine. granular structure; friable; neutral; few 
bleached sand grains; abrupt, smooth boundary. 

A8—9 to 16 inches, very dark gray (10YR 3/1) sandy loam; 
weak, medium, subangular blocky structure; friable; 
neutral; gradual, wavy boundary. 

Віг--16 to 20 inches, dark grayish-brown (2.5Y 4/2) sandy 
loam; few, fine, distinct, yellowish-brown (10YR 5/6) 
mottles; weak, fine, subangular blocky structure; fri- 
able; neutral; clear, wavy boundary. 
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B2—20 to 28 inches, grayish-brown (2.5Y 5/2) loam; few, 
fine, distinct, dark yellowish-brown (10YR 4/4) mot- 
tles; weak, fine, subangular blocky structure; fri- 
able; slightly acid; abrupt, wavy boundary. 

IIC1—28 to 33 inches, light brownish-gray (2.5Y 6/2) coarse 
sand; many, medium, distinct, yellowish-brown 
(10YR 5/6) mottles; single grain; loose; few dark- 
colored concretions; about 5 percent gravel; mildly 
alkaline; strongly effervescent ; clear, wavy boundary. 

IIC2—33 to 60 inches, dark grayish- -brown (2.5Y 4/2) coarse 
sand; single grain; loose; slightly effervescent; 
mildly alkaline. 


The A horizon is loam, silt loam, or sandy loam and ranges 
from 10 to 24 inches in thickness. It is neutral to mildly alka- 
line. The B horizon is sandy loam or loam, 12 to 20 inches 
thick, and slightly acid to mildly alkaline. Depth to the ПС1 
horizon ranges from 22 to 40 inches. The IIC horizon typi- 
cally is coarse sand, gravelly coarse sand, or stratified coarse 
sand and gravel. This horizon is sand in the soil mapped as 
Forada sandy loam, sandy subsoil. 

Forada soils are associated with Arvilla, Osakis, and Dorset 
soils. They are more poorly drained than those soils, are in 
lower lying positions, and have a grayer B horizon. 

Forada sandy loam (Fd). 一 This soil is nearly level. Tt 
is in outwash areas, The soil areas are irregular in shape 
and variable in size. Some of the areas are more than 60 
acres in size, This soil has the profile described as rep- 
resentative for the series. 

Included in mapping were small areas of Forada loam, 
depressional, and of Osakis soils. Also included were 
smal] areas that are more than 40 inches deep to gravel 
and some that contain sand in the underlying material. 
In a few areas the surface layer is calcareous. 

Drainage is needed before this soil can be cropped suc- 
cessfully each year. It is difficult to maintain а drainage 
system ‘because the underlying coarse sand tends to cave 
in. Nearly all of this soil is used for cultivated crops, but 
the undrained or inadequately drained areas are used for 
pasture. This soil is suited to all crops commonly grown 
in the county. 

The main management needs are practices that improve 
drainage, fertility, and tilth. (Capability unit IIw-2; 
woodland suitability groun 3) 

Forada loam, depressional (Fe)—This soil occupies 
depressions and drainageways in outwash areas. The 
areas generally are circular or oblong in shape. This soil 
is flooded in spring and often throughout the entire year. 
The profile differs from the one described as representa- 
tive for the series in commonly having a black loam sur- 
face layer 16 to 24 inches thick. In addition, this soil 
is very poorly drained. 

Included in mapping were small areas of Forada sandy 
loam and of Marysland loam, depressional. Also included 
were areas where the surface layer is clay loam, silt loam, 
or silty clay loam. 

If undrained, this soil is generally covered with marsh 
vegetation consisting of reeds, sedges, rushes, and, in 
some areas, willows. These undrained areas are well 
suited to wildlife habitat. They provide nesting, mating, 
and escape cover for wildlife. 

If drained, this soil is used for crops, hay, and pasture. 
If adequately drained, this soil is suited to all crops 
commonly grown in the county. 

The main management needs are practices that im- 
prove drainage, fertility, and tilth. (Capability unit 
IIIw-9; woodland suitability group 3) 


Forada sandy loam, sandy subsoil (Ff).—This soil is 
nearly level. It occurs in upland drainageways and on 
outwash plains. The drainageways are 50 to 200 feet wide, 
and the areas on outwash plains vary in size and shape. 
The profile differs from the one described as representa- 
tive for the series in being underlain by sand at a depth 
of 22 to 40 inches. 

Included in mapping were small areas of Dassel, For- 
ada, and Arveson soils and areas where the surface layer 
is loam. 

This soil is used for crops and pasture. It has a fluctu- 
ating water table and needs additional drainage. If ade- 
quately drained, all crops common in the county can be 
grown. Soil blowing is a hazard on bare fields during 
winter and spring. 

Тһе main management needs are drainage, control of 
erosion, and maintenance of fertility. (Capability unit 
IIw-?; woodland suitability group 3) 


Forman Series 


The Forman series consists of deep, well-drained, 
gently sloping to rolling soils that. formed in calcareous 
clay loam glacial till. 

In a representative profile, the surface layer is black 
clay loam about 11 inches thick. The subsoil is dark 
grayish-brown clay loam about 8 inches thick. The un- 
derlying material is olive-gray clay loam. 

Forman soils have high natural fertility, medium to 
high available water capacity, and high organic-matter 
content. Reaction of the surface layer is neutral. Permea- 
bility is moderately slow. 

Forman soils are well suited to all crops commonly 
grown in the county. 

Representative profile of Forman clay loam, 6 to 12 
percent slopes, eroded, where the slope is 10 percent, 
1,290 feet west and 1,040 feet south of the northeast 
corner, ВЕ sec. 30, T. 199 N., К. 39 W. 


Ар-0 to 8 inches, black (10YR 2/1) clay loam; moderate, 
medium and coarse, granular strueture; friable; 
about 2 pereent coarse fragments; neutral; abrupt, 
smooth boundary. 

A1—8 to 11 inehes, Маск (10ҮҢ 2/1) сіау loam; moderate, 
fine and medium, granular strueture; friable; about 
2 percent coarse fragments; neutral; elear, irregular 
boundary. 

B21—11 to 15 inches, dark grayish-brown (10YR 4/2) clay 
loam; moderate, medium, subangular blocky struc- 
ture; firm; few black (10YR 2/1) tongues; about 
2 percent coarse fragments; neutral; clear, wavy 
boundary. 

B22—15 to 19 inches, dark grayish-brown (2.5Y 4/2) clay 
loam; moderate, medium, subangular blocky struc- 
ture; about 2 percent coarse fragments; neutral; 
abrupt, wavy boundary. 

C1—19 to 27 inches, olive-gray (БҮ 4/2) clay loam; weak, 
fine, subangular blocky structure; firm, about 2 
pereent coarse fragments: strongly effervescent; 
mildly alkaline; clear, wavy boundary. 

C2—27 to 60 inches, olive-gray (5Y 5/2) clay loam; weak, 
fine, subangular blocky structure; about 2 percent 
coarse fragments; strongly effervescent; mildly al- 
kaline. 


The A horizon is 8 to 14 inches thick. The B horizon is dark 
grayish brown, grayish brown, brown, or olive brown in 
color. In some areas it has weak or moderate, prismatic 
structure that parts to subangular blocky. The B horizon is 
6 to 14 inches thick. In some areas there are a few thin clay 
films on faces of peds. 
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Forman soils іп this county do not have much evidence of 
translocated clay in their B horizon, and, thus, they are 
outside the defined range of the series. This difference does 
not alter their usefulness and behavior. 

Forman soils are associated with Barnes and Aastad soils. 
They are better drained and have a thinner À horizon than 
Aastad soils. They have a finer textured solum than the 
Similar Barnes soils. 

Forman clay loam, 6 to 12 percent slopes, eroded 
(FmC2).—This soil is sloping and rolling. The slopes are 
fairly uniform and 100 to 300 feet long. This soil occurs 
along waterways and drainageways and around sloughs. 
It is moderately eroded, and tillage has mixed material 
from the subsoil with the original surface layer. As a 
result, the surface layer is less friable. This soil has the 
profile described as representative for the series. 

Included in mapping were small areas of Flom and 
Quam soils and of lighter colored soils that are cal- 
careous. Also included were small areas of less sloping 
soils, small areas of more strongly sloping soils, and 
areas that are slightly eroded. 

Nearly all of this soil is used for cultivated crops. A 
few areas aré in pasture. This soil is suited to all crops 
commonly grown in the county. It is sticky when wet. 
Water runs off this soil at a medium to rapid rate, and 
the hazard of erosion is moderately severe. 

The main management needs are practices that con- 
trol erosion, improve fertility and tilth, and conserve 
moisture, (Capability unit ІПе-1; woodland suitability 
group 1) 

Forman-Aastad clay loams, 1 to 5 pereent slopes 
(FoB).—T'he soils of this complex occur on the till plains 
and morainic uplands. The areas vary in size and shape. 
Forman soils make up about 40 to 80 percent of the area, 
and Aastad soils, 20 to 60 percent. Forman soils occur 
on the rises, but Aastad soils have smooth, nearly level 
slopes. The Forman and Aastad soils in this unit occur 
in a pattern too complex to separate. 

Included in mapping were small areas of poorly 
drained Flom soils and calcareous Vallers soils. 

The soils in this unit are used for cultivated crops and 
pasture, They are suited to all crops commonly grown in 
the county. 

The main management needs are practices that im- 
prove fertility and tilth. (Capability unit IIe-1; wood- 
land suitability group 1) 


Fulda Series 


The Fulda series consists of nearly level, poorly 
drained soils. These soils formed under marsh grasses in 
calcareous silty clay to clay glacial material. 

In a representative profile, the surface layer is black 
silty clay about 22 inches thick. The subsoil is olive-gray 
and dark-gray silty clay and silty loam about 20 inches 
п The underlying material 15 olive-gray silty сіау 
oam. 

Fulda soils һауе medium to hieh available water ca- 
pacity and high natural fertility and organic-matter соп- 
tent. Reaction of the surface layer is neutral. Permea- 
bility is slow to very slow. 

Fulda soils have a high content of clay, and proper 
management is needed to keep them suited to crops and 
easy to work. 


Representative profile of Fulda silty clay, where the 
slope is 1 percent, 1,515 feet west and 254 feet south of 
the northeast corner, SEY, sec. 30, T. 129 N., R. 39 W. 


Ар--0 to 7 inches, black (N 2/0) silty clay ; moderate, coarse, 
granular structure; loose, sticky; many roots; neu- 
tral; abrupt, smooth boundary. 

All—7 to 17 inches, black (№ 2/0) silty clay; weak, very 
fine granular structure; firm, sticky; few roots; 
neutral; gradual, wavy boundary. 

А12—17 to 22 inches, black (БУ 2/1) silty clay; moderate, 
fine, subangular bloeky structure; sticky; few roots; 
neutral; clear, wavy boundary. 

B21g—22 to 29 inches, dark-gray (БҮ 4/1) silty clay; weak, 
coarse, prismatie structure parting to moderate, fine, 
subangular blocky; sticky; few roots; few tongues 
of black (5Y 2/1) in upper part; neutral; gradual, 
wavy boundary. 

B22g—29 to 36 inches, olive-gray (БҮ 4/2) silty clay; few, 
fine, distinet, light olive-brown (2.5Y 5/6) moitles; 
moderate, fine, subangular blocky structure; sticky; 
neutral; clear, wavy boundary. 

B3g—36 to 42 inches, olive-gray (БУ 5/2) silty clay loam; 
common, fine, distinct. light olive-brown (2.5Y 5/6) 
mottles; moderate, fine, subangular blocky structure; 
sticky; mildly alkaline; slightly effervescent; clear, 
wavy boundary. 

Cg—42 to 60 inches, olive-gray (SY 5/2) silty clay loam; 
common, fine, distinet, light olive-brown (2.5 5/6) 
mottles; we ak, fine, subangular blocky structure; 
sticky; strongly effervescent; mildly alkaline. 

The A horizon is silty clay, clay, or heavy silty clay 
loam and ranges from 16 to 24 inches im thickness. 
The B2 horizon is silty clay or clay and ranges from dark 
gray to gray or olive gray in color. The structure ranges from 
moderate to strong, prismatic and blocky, The C horizon is 
calcareous silty clay loam, silty clay, or clay glacial till or 
lacustrine material. The depth to lime ranges from 20 to 42 
inches. 

Fulda soils are associated with Sinai and Dovray soils. 
They differ from Sinai soils in being more poorly drained 
and in having a grayer B horizon. They differ from Dovray 
soils in having a thinner A horizon. 

Fulda silty clay (0 to 2 percent slopes) [Fu).—This soil 
is slightly depressed to nearly level. It is in swales and 
drainageways. The areas are variable in size and shape 
and are commonly surrounded by more strongly sloping 
soils. 

Included in mapping were small areas of Sinai and 
Dovray soils. In some areas the surface layer is cal- 
careous. In some areas there is clay loam till within a 
depth of 42 inches. 

This soil is not well suited to cultivation unless it is 
drained. If adequately drained, it is suited to all crops 
commonly grown in the county..Some areas are used for 
pasture or wildlife habitat. Open ditches provide ade- 
quate drainage 1n most years. 

The main management needs are practices that im- 
prove drainage and maintain fertility and tilth. (Capa- 
bility unit Пя-1; woodland suitability group 4) 


Gonvick Series 


The Gonvick series consists of deep, moderately well 
drained, moderately permeable, nearly level soils. These 
soils formed under grasses that were succeeded by de- 
ciduous trees, in calcareous loam glacial till. 

In a representative profile, the surface layer is black 
loam about 10 inches thick. The subsoil is clay loam about 
19 inches thick. The upper part is brown, the middle part 
is olive brown, and the lower part is mottled dark grayish 
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brown. The underlying material is light olive-brown loam 
glacial till. 

Gonvick soils have high natural fertility, available 
water capacity, and organic-matter content. Reaction of 
the surface layer is neutral. Permeability is moderate. 

Gonviek soils are well suited to all crops commonly 
grown in the county. 

Representative profile of Gonvick loam, 1 to З percent 
slopes, in a cultivated field where the slope is 2 percent, 
410 feet west and 101 feet south of the northwest corner, 
ХЕМ МЕ sec. 2, T. 129 N., R. 36 W. 


Ар—0 to 7 inches, black (10YR 2/1) loam, dark gray (10YR 
4/1) when dry; weak, very fine, granular structure; 
friable; about 5 percent coarse fragments; neutral; 
abrupt, smooth boundary. 

A1— to 10 inches, black (10YR 2/1) loam, dark gray (10፻ሼ 
4/1) when dry; weak, fine, granular structure; fri- 
able; about 5 percent coarse fragments; neutral; 
clear, wavy boundary. 

B21t—10 to 16 inches, brown (10YR 4/8) clay loam; weak, 
medium, subangular blocky structure; friable; few, 
thin, very dark grayish-brown (10YR 3/2) сіау films 
on faces of peds; few, thin, porous, grayish coatings 
on faces of peds; about 5 percent coarse fragments; 
neutral; gradual, wavy boundary. 

B22t—16 to 23 inches, olive-brown (2.5Y 4/4) clay loam; 
moderate, fine and medium, subangular blocky struc- 
ture; friable; many, thin and medium, very dark 
gray (10YR 3/1) clay films on faces of peds; about 
5 percent coarse fragments; neutral; gradual, wavy 
boundary. 

B3t—23 to 99 inches, dark grayish-brown (2.5Y 4/2) clay 
loam: few, fine, distinct, light olive-brown (2.5Y 5/6) 
and dark-gray (БҮ 4/1) шо ев; weak, medium, sub- 
angular blocky structure; friable; few, thin to thick, 
black (10YR 2/1) clay films on faces of peds and in 
old root channels; about 5 percent coarse frag- 
ments; neutral; abrupt, wavy boundary. 

C—29 to 60 inches, light olive-brown (2.5Y 5/4) loam; сош- 
mon, fine, prominent, yellowish-brown (10YR 5/6) 
and gray (10YR 5/1) mottles; weak, fine and very 
fine, subangular blocky structure; friable; few lime 
segregations; strongly effervescent; mildly alkaline. 


The A horizon is black or very dark gray and ranges from 
7 to 12 inches in thickness. The texture is loam or light clay 
loam. The B2 horizon ranges from dark grayish brown or 
brown to olive brown. The clay films range from few to 
many and thin to thick in the B2 horizon. In some areas 
there is a thin, discontinuous A2 horizon. 

Gonvick soils are associated with Flom, Quam, and Waukon 
soils. They have a thicker surface layer than Waukon soils. 
They are better drained and have browner colors below the 
A horizon than, Flom and Quam soils. 


Gonvick loam, 1 to 3 percent slopes (GoA).—This soil 
is nearly level. It is on the till plains and morainie up- 
lands. The areas vary in size and shape. This soil occurs 
in close association with Waukon, Flom, and Quam soils. 
It is on slightly convey positions downslope from Wau- 
kon soils or upslope from Flom and Quam soils. 

Included in mapping were small areas of well-drained 
Waukon, poorly drained Flom, and very poorly drained 
Quam soils. Also included were small calcareous areas and 
areas that are more strongly sloping. Other inclusions 
were areas where the surface layer is lighter colored and 
ша where the surface layer and subsoil are finer tex- 
tured. 

This soil is well suited to erops and there are few 
limitations to its use. Most areas are used for сгорв, but 
а few are used for woodland or pasture. АП crops eom- 
mon in the county can be grown. 


Тһе main management need is maintenance ої fer- 
tility and tilth. (Capability unit 1-1; woodland suita- 
bility group 1) 


Hangaard Series 


Тһе Hangaard series consists ої poorly drained, nearly 
level soils that formed іп medium-textured to coarse- 
textured material that overlies calcareous sand and 
gravel. These soils formed under a vegetation that con- 
sists of grasses and sedges, in the outwash areas of the 
county. 

In а representative profile, the surface layer is black 
sandy loam about 11 inches thick. The subsoil is about 
6 inches thick, The upper part is mottled, dark grayish- 
brown sandy loam, and the lower part is mottled, olive- 
brown loamy coarse sand. The underlying material is 
light olive-brown, olive-gray, and grayish-brown gravel- 
ly coarse sand. 

Hangaard soils have high natural fertility, low avail- 
able water capacity, and high organic-matter content in 
the surface layer. Permeability is moderately rapid above 
the gravelly coarse sand and rapid in the gravelly coarse 
sand. Reaction of the surface layer is mildly alkaline. 

Hangaard soils are poorly drained, wet soils that are 
shallow to gravelly coarse sand. They are used for hay, 
pasture, and crops. 

Representative profile of Hangaard sandy loam, where 
the slope is 1 percent, 600 feet west and 910 feet north 
of the southeast corner, КЕ ЗЕ, sec. 14, T. 129 N В. 
36 W. 


Ар--0 to 8 inches, black (10YR 2/1) sandy loam; weak, very 
fine, granular structure; friable; common bleached 
sand grains; many roots; mildly alkaline; abrupt, 
smooth boundary. 

ለ1--8 to 11 inches, black (10YR 2/1) sandy loam; weak, 
very fine, granular structure; friable; few bleached 
sand grains; few roots; mildly alkaline; clear, wavy 
boundary. 

B21g—11 to 13 inches, dark grayish-brown (2.5Y 4/2) sandy 
loam; few, fine, distinct, yellowish-brown (10YR 
5/6) mottles; weak, very fine, subangular blocky 
structure; friable; few roots; mildly alkaline; clear, 
wavy boundary. 

TIB22g—18 to 17 inches, olive-brown (2.5Y 4/4) loamy coarse 
sand; common, fine, distinct, yellowish-brown (10YR 
5/0) mottles and few, medium, distinct, grayish- 
brown (2.5Y 5/2) mottles; single grain; loose; few 
roots; mildly alkaline; abrupt, wavy boundary. 

11С1--17 to 25 inches, light olive-brown (2.5Y 5/4) gravelly 
coarse sand; common, medium, distinet, yellowish- 
brown (10YR 5/6) mottles; single grain; loose; 
mildly alkaline; abrupt, wavy boundary. 

IIC2—25 to 36 inches, olive-gray (5Y 5/2) gravelly coarse 
sand; single grain; loose; strongly effervescent ; 
mildly alkaline; abrupt, wavy boundary. 

11С3--36 to 60 inches, grayish-brown (2.5Y 5/2) gravelly 
coarse sand; single grain; loose; strongly effer- 
vescent; mildly alkaline. 


The A horizon is sandy loam or loam and 8 to 14 inches 
thick. The B horizon is 4 to 6 inches thick and has colors of 
dark grayish brown, grayish brown, olive brown, olive gray, 
and olive. The texture is loam or sandy loam in the B21g 
horizon and loamy sand or loamy coarse sand in the IIB22g 
horizon. 

Hangaard soils are associated with Arvilla and Osakis 
soils. They are more poorly drained than those soils and 
have more olive colors in the B horizon. They differ from 
the similar Forada soils in having a thinner solum. 
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Hangaard sandy loam (0 to 2 percent) (Ho). —This 
вої! is nearly level. It oceurs on the outwash plains. The 
areas are irregular in shape and vary in size. 

Included in mapping were small areas of Osakis and 
Forada soils. Also ineluded were areas where the soil is 
caleareous and areas where the surface layer is loam. 
Other inclusions were areas where depth to gravel is 
more than 21 inches. 

This soil is used for crops, pasture, and hay. All crops 
common in the county can be grown. This soil has a 
fluctuating water table and needs additional drainage. 
Soil blowing is a hazard on bare fields during winter and 
spring. 

The main management needs are practices that im- 
prove drainage, control soil blowing, and maintain fer- 
tility. (Capability unit IVw-1; woodland suitability 
group 3) 


Hantho Series 


The Hantho series consists of deep, moderately well 
drained, nearly level soils that formed under grasses 
in calcareous, silty lacustrine material. 

In a representative profile, the surface layer is silt loam 
about 16 inches thick. The upper 12 inches is black, and 
the lower 4 inches is very dark brown. The subsoil is dark 
grayish-brown, brown, and olive-brown silt loam about 
21 inches thick, The underlying material is light olive- 
brown silt loam. 

Hantho soils have high natural fertility, very high 
available water capacity, and high organic-matter con- 
tent. Permeability is moderate. Reaction of the surface 
layer is neutral. 

Hantho soils are silty and are free of stones. All crops 
grow well on them. 

Representative profile of Hantho silt loam, 1 to 3 per- 
cent slopes, where the slope is 1 percent, 810 feet west 
and 980 feet south of the northeast corner, NW1⁄ sec. 35, 
T. 191 N., К. 36 W. 


Ар--0 to 8 inches, black (10YR 2/1) silt loam; weak, fine, 


granular structure; friable; common roots; few 
bleached sand grains; neutral; abrupt, smooth 
boundary. 


А1—8 to 12 inches, black (10YR 2/1) silt loam; weak, fine, 
granular structure; friable; common roots; few 
bleached sand grains; neutral; abrupt, smooth 
boundary. 

А3--12 to 16 inches, very dark brown (10YR 2/2) silt loam; 
weak, fine, granular structure; friable; common 
roots; few bleached sand grains; neutral; clear, 
wavy boundary. 

B21—16 to 21 inches, dark grayish-brown (10YR 4/2) silt 
loam; weak, fine, subangular blocky structure; fri- 
able; common roots; neutral; gradual, wavy bound- 


ary. 

B22—21 to 30 inches, brown (10YR 4/8) silt loam; weak, 
medium, subangular blocky structure; friable, com- 
mon roots; gradual, wavy boundary. 

B3—30 to 37 inches, olive-brown (2.5Y 4/4) silt loam; few, 
fine, faint, yellowish-brown (10YR 5/6) mottles and 
common, fine, distinct, gray (5Y 5/1) mottles; weak, 
fine, subangular blocky structure; friable: common 
roots; neutral; abrupt, wavy boundary. 

0—87 to 60 inches, light olive-brown (2.5Y 5/4) silt loam; 
common, medium, distinct, yellowish-brown (10YR 
5/6) mottles and common, medium, distinct, light- 
gray (5Y 6/1) mottles; massive; friable; strongly 
effervescent; mildly alkaline. 


The A horizon is black, very dark gray, or very dark brown 
and ranges from 10 to 20 inches in thickness. Among the 
colors in the B horizon are very dark grayish brown, dark 
grayish brown, dark brown, brown, and olive brown. The 
texture is silt loam or light silty clay loam. Faint to distinct 
mottles occur in the lower part of the horizon. Depth to the 
C horizon ranges from 80 to 44 inches. 

Most of the Hantho soils in this county have a solum that 
is a few inches thicker than the defined range of the series, 
but this difference does not alter their usefulness and be- 
havior. 

Hantho soils are associated with the Rothsay and Zell 
soils. They have a thicker A horizon and are more poorly 
drained than Rothsay and Zell soils. 

Напо silt loam, 1 to 3 percent slopes (HhA).—This is 
a nearly level, deep, silty soil. The areas are variable in 
size and shape. 

Included in mapping were small areas of Rothsay and 
Flom soils. Also included were areas where depth to loam 
till is less than 40 inches, areas that contain sandy bands, 
and areas that have silty clay loam throughout the pro- 
file. 

Most areas are used for crops. A few areas are used for 
pasture or wildlife habitat. This soil is suited to all the 
crops commonly grown in the county. Soil blowing is a 
hazard on unprotected fields during winter and spring. 

The main management needs are control of erosion and 
maintenance of fertility and tilth. (Capability unit 1-1; 
woodland suitability group 1) 


Lake Beaches 


Lake Beaches is a miscellaneous land type that occurs 
along the rims of present or former lakes. Slopes range 
from 0 to 6 percent. Drainage is poor in the level and 
nearly level areas and good to excessive in sloping areas. 

Lake beaches, sandy (la).—This land type occurs as 
rims along the edge of present or former lakes. The sur- 
face texture ineludes sand, sandy loam, and loamy sand. 
Most of these areas are nearly level and have a water 
table near the surface. They generally have a vegetative 
cover that consists of grass and willows and other trees. 
In some areas this soil has slopes of 3 to 6 percent. These 
areas are droughty and were formed as the ice expanded 
and pushed the beach material into ridges and as the lake 
level lowered. On most lakes these areas are being used 
for homes, cabins, and campsites. 

Drainage is poor in the level to nearly level areas and 
excessive in the sloping areas. The fertility and available 
water capacity аге low. Some of these areas that are on 
small lakes or that were former lakes are farmed or are 
used for pasture. (Capability unit VIw-1; woodland 
suitability group 3) 

Lake beaches, loamy (Lb).—This land type is along the 
edge of present lakes and the borders of former lakes. 
The soil material lacks distinct layers. The surface tex- 
ture is generally loam but in places sandy loam. The soil 
generally is deep, black loam or sandy loam, 

Most areas are nearly level, but because of gradual 
lowering of the level of the lakes during the time when 
the material was deposited there are some areas where 
the slopes are as much as 3 to 5 percent. 

This soil is poorly drained in the level areas to well 
drained in the sloping areas. The natural fertility is 
moderate, and the available water capacity is medium. 
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This land generally is too wet to be cropped. Most of 
this soil is used for pasture, wildlife habitat, or wood- 
land. The higher lying areas are used for cabins and 
campsites. (Capability unit IITw-2; woodland suitability 
group 3) 


Langhei Series 


The Langhei series consists of deep, undulating to very 
steep, somewhat excessively drained, moderately perme- 
able soils. These soils formed under grasses in caleareous 
loam or clay loam glacial till. 

In a representative profile, the surface layer is dark 
grayish-brown loam about 7 inches thick. The underlying 
material is calcareous, light yellowish-brown and light 
olive-brown loam. 

Langhei soils have medium natural fertility, high avail- 
able water capacity, and medium organic-matter content. 
Permeability is moderate. Reaction in the surface layer 
is mildly alkaline. 

If fertilized and if erosion control practives are used, 
Langhei soils are suited to the crops commonly grown 
in the county. 

Representative profile of Langhei loam, in an area of 
Langhei-Barnes loams, 12 to 18 percent slopes, eroded, 
120 feet south and 280 feet east of the northwest corner, 
SWI, вес. 22, T. 198 N., R. 40 W. 


Ар-0 to 7 inches, dark grayish-brown (2.57 4/2) loam, 
light gray (10ҮВ 7/1) when dry; weak, fine, granu- 
lar structure; friable; many roots; about 4 percent 
coarse fragments; strongly effervescent; mildly alka- 
line; abrupt, smooth boundary. 

Clea—7 to 28 inches, light yellowish-brown (2.5Y 6/4) loam; 
weak, fine, subangular blocky structure; friable; few 
dark-colored concretions; few, light-gray (10YR 
7/1), limy threads; about 4 percent coarse frag- 
ments; strongly effervescent; mildly alkaline; 
gradual, smooth boundary. 

C2—28 to 60 inches, light olive-brown (2.5Y 5/4) loam; weak, 
fine, subangular blocky structure; friable; few, light- 
gray (10YR 7/1), limy spots; about 4 percent coarse 
fragments; strongly effervescent; mildly alkaline. 


The A horizon is loam or light clay loam. The Ap horizon 
includes dark gray, dark grayish brown, and grayish brown. 
In some uncultivated areas there is an A1 horizon, up to 4 
inches thick, that is black or very dark gray. The A horizon 
is slightly effervescent to strongly effervescent. 
Langhei soils are associated with Aastad, Barnes, and 
Waukon soils. They differ from those soils in having a thinner 
A horizon, in having a lighter colored Ap horizon, and in 
being better drained. They differ from the similar Zell soils 
in containing more sand in the A and C horizons. 
| Langhei loam, 18 to 40 percent slopes (Ler).—This soil 
is adjacent to streams, waterways, sloughs, or lakes on the 
till plains and in morainic upland areas. Waterways dis- 
sect the area and make the cross slopes irregular. Slope 
ranges from 100 to 300 feet in length. The profile differs 
from the one described as representative for the series in 
being thinner. 

Included in mapping were small areas of Barnes, 
Darnen, and Flom soils. Also included were small areas 
of less sloping soils and areas of gravelly soils, Also in- 
cluded were areas that are moderately eroded. 

Most of this soil is under grass vegetation. A few areas 
are cultivated. The soil is well suited to grassland. Water 
tuns off very rapidly. 

The main management needs are practices that control 
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erosion and conserve moisture. (Capability unit VIIe-1; 
woodland suitability group 2) 

Langhei-Barnes loams, 12 to 18 percent slopes, eroded 
(lgD2).—These soils are hilly. The areas vary in size and 
shape and have complex topography. Slopes are 75 to 
250 feet long. Langhei soils make up 60 to 80 percent of 
the area, and Barnes soils, 20 to 40 percent. The Langhei 
soil has the profile described as representative for the 
series. The Barnes soil, in most places has a profile that 
differs from the one described as representative for the 
Barnes series in being thinner. Barnes soils are on the more 
uniform parts of the slope, and Langhei soils are on the 
exposed knobs, ridges, and knolls. The soils in this unit 
have been moderately eroded, and the surface layer is a 
mixture of the original surface layer and moderate 
amounts of material from the subsoil. This mixing gives 
the surface layer of the Barnes soils a dark brownish 
color and the Langhei soils a grayish color when dry. The 
Barnes and Langhei soils in this unit occur in such an 
intricate pattern that it is not practical to map them 
separately. 

Included in mapping were small areas of the mod- 
erately well drained Aastad and Darnen soils and the 
poorly drained Flom and Vallers soils, Also included 
were small areas of soils that are more strongly sloping, 
small areas that are less sloping, areas of gravelly soils, 
areas of severely eroded soils, and areas that are stony 
on the surface. Also included were some areas that are 
onlv slightlv eroded. 

These soils are used for cultivated crops and pasture 
and are suited to all crops commonly grown in the coun- 
ty. The Langhei soils are less suited to crops than the 
Barnes soils because of the nutrient imbalance caused 
by the high content of lime. Surface runoff is rapid, 
and the hazard of erosion is severe. 

The main management needs are practices that contro! 
erosion, improve fertility and tilth, and conserve mois- 
ture. (Capability unit IVe-1; Langhei part in woodland 
suitability group 2; Barnes part in woodland suitability 
group 1) 

Langhei-Waukon loams, 12 to 18 percent slopes, 
eroded (IkD2).— The soils of this complex are hilly. The 
areas are interspersed with many draws, potholes, drain- 
ageways, and lakes. The areas vary in size and shape 
and have complex topography. Slopes are 75 to 250 feet 
long. Langhei soils make up 50 to 70 percent of the area, 
and Waukon soils, 30 to 50 percent. Langhei soils are 
dark grayish brown in color when moist and are light 
gray in color when dry. They occur on the knobs, knolls, 
and ridges. Waukon soils occur on the less exposed parts 
of the slope. The Langhei and Waukon soils in this unit 
occur in such an intricate pattern that it is not practical 
to map them separately. 

Included in mapping were small areas of the moderate- 
ly well drained Gonviek soils and the poorly drained 
Flom and Vallers soils. Also included were small areas 
of less sloping soils, small areas of more strongly sloping 
soils, areas of scattered stones and areas that are slightly 
eroded. 

These soils are used for cultivated сгорв, pasture, and 
woodland. They are suited to all crops commonly grown 
in the county. Water runs off at a rapid rate, and the 
hazard of erosion is severe. 


DOUGLAS COUNTY, MINNESOTA 29 


The main management needs are practices that control 
erosion, improve fertility and tilth, and eonserve mois- 
ture. (Capability unit IVe-1; Langhei part in woodland 
suitability group 2; Waukon part in woodland suitability 
group 1) 

Langhei-Waukon loams, 18 to 24 percent slopes (КЕ). - 
The soils in this complex are generally adjacent to 
Streams, waterways, sloughs, or lakes. Waterways dissect 
the area, making the cross slope very irregular. Langhei 
soils make up 60 to 80 percent of the area, and Waukon 
soils, 20 to 40 percent. The Langhei soils are dark gray- 
ish brown in color when moist and light gray when dry. 
They occur on the knobs, knolls, and ridges. The Waukon 
soils oceur on the less exposed parts of the slope. The 
Langhei and Waukon soils of this mapping unit occur 
in such an intricate pattern that it is not practical to 
map them separately. 

Included in mapping were small areas of the moderate- 
ү drained Gonvick soils and poorly drained Flom 
solls. 

These soils are generally used for pasture ог woodland, 
but а few areas are cultivated. They should be kept in 
permanent vegetation. The hazard of erosion is very 
severe. (Capability unit VIe-1; Langhei part in wood- 
land suitability group 2; Waukon part in woodland 
suitability group 1) 

Langhei-Waukon-Sioux complex, 12 to 25 percent 
slopes llwD). 一 The soils in this complex are steep and hilly. 
They are generally adjacent to streams, waterways, 
sloughs, or lakes. Langhei loam makes up 40 to 60 percent 
of the area; Waukon loam, 90 to 30 percent; and Sioux 
gravelly loamy coarse sand, 20 to 30 percent. The Lang- 
hei soils are grayish when dry. They occur on the knolls, 
knobs, and ridges. The Waukon soils are in the less ex- 
posed areas, and the Sioux soils are in the gravelly 
areas. The profiles of these soils are similar to those 
deseribed as representative for their respective series, 
except that they are generally thinner. 

Included in mapping were small areas of the mod- 
eratelv well drained Gonviek and Darnen soils. Also in- 
cluded were small sandy areas. 

This unit is used for eultivated crops, pasture, and 
woodland. The areas are suited to permanent vegetation. 
Water runs off at a rapid to very rapid rate. The hazard 
of erosion is very severe, 

The main management needs are practices that con- 
trol erosion and conserve moisture. (Capability unit 
Vle-1; Langhei part in woodland suitability group 2; 
Waukon part in woodland suitability group 1; Sioux part 
In woodland suitability group 7) 


Maddock Series 


The Maddock series consists of very deep. well-drained, 
nearly level to rolling soils. These soils formed under 
grasses in sandy outwash material, 

In a representative profile, the surface layer is very 
dark brown and very dark grayish-brown fine sand about 
14 inches thick. The subsoil is dark yellowish-brown fine 
sand about 16 inches thick. The underlying material is 
yellowish-brown and pale-brown fine sand. 

Maddock soils have low natural fertility, low available 
water capacity, and medium organic-matter content. Per- 


meability is rapid. Reaction of the surface layer is slight- 
ly acid. 

Maddock soils are droughty. Soil blowing 18 а hazard 
on unprotected fields. 

Representative profile of Maddock fine sand, 2 to 6 
percent slopes, in a cultivated field where the slope is 4 
percent, 363 feet west and 192 feet south of the north- 
east corner, NEV, sec. 17, Т. 197 N., R. 36 W. 


Ар-0 to 9 inches, very dark brown (10YR 2/2) fine sand; 
single grain; loose; slightly acid; abrupt, smooth 
boundary. 

A3—9 to 14 inches, very dark grayish-brown (10YR 3/2) fine 
sand; single grain; loose; slightly acid; abrupt, 
wavy boundary. 

B2—14 to 30 inches, dark yellowish-brown (10YR 4/4) fine 
Sand; single grain; loose; slightly acid; gradual, 
wavy boundary. 

C1—30 to 46 inches, yellowish-brown (10YR 5/6) fine sand; 
single grain; loose; slightly acid; gradual, wavy 
boundary. 

С2--46 to 60 inches, pale-brown (10YR 6/3) and yellowish- 
brown (10YR 5/6) fine sand; single grain; loose; 
slightly acid. 

Тһе A horizon is very dark brown, black, or very dark 
grayish brown. Its texture is fine sand or loamy fine sand. 
Reaction ranges from slightly acid to neutral. The B horizon 
is fine sand or loamy fine sand that is dark brown, brown, 
dark yellowish brown, or yellowish brown. Reaction ranges 
from medium acid to neutral. Depth to free lime ranges from 
6 to 8 feet. 

These soils have a slightly acid solum, and depth to car- 
bonates is greater than the defined range for the series. This 
differenee does not alter their usefulness and behavior. 

Maddock soils are associated with Sverdrup soils and 
differ from them in being coarser textured and having a 
thinner solum over the sand. They differ from the similar 
Nymore soils in having a thicker A horizon and containing 
more fine sand throughout. 

Maddock fine sand, 0 to 2 percent slopes (McA).—This 
soil is on outwash plains. The areas vary in size and 
Shape. The profile differs from the one described as rep- 
resentative for the series in having a thicker surface 
layer. 

Included in mapping were small areas of well drained 
Sverdrup soils and moderately well drained Clontarf 
Soils. Also included were smal! areas of more strongly 
sloping soils and a few areas that are moderately eroded. 

Nearly all of the acreage is used for cultivated crops. 
This soil is suited to all crops commonly grown in the 
county. Soil blowing is a serious hazard on unprotected 
fields during winter and spring. Droughtiness is a serious 
limitation; it affects the crops in most years. The main 
management needs are controlling erosion, conserving 
moisture, and maintaining fertility. (Capability unit 
IVs-1: woodland suitability group 7) 

Maddock fine sand, 2 to 6 percent slopes (MaB).— 
This soil is gently sloping. It occurs in outwash areas and 
on uplands. The areas are irregular in shape. Slopes are 
50 to 200 feet long. This soil has the profile described as 
representative for the series. 

Included in mapping were small areas of well drained 
Sverdrup soils and moderately well drained Clontarf 
soils, Also included were small areas of more strongly 
sloping soils, small areas of less sloping soils, and a few 
areas that are moderately eroded. 

Nearly all of the acreage is used for cultivated crops. 
This soil is suited to all erops commonly grown in the 
county. Soil blowing is a hazard on fields left unpro- 
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tected during winter and spring. Droughtiness is a 
serious limitation; it affects the crops in most years. 
The main management needs are controlling erosion, 
conserving moisture, and maintaining fertility. (Capa- 
bility unit IVs-1; woodland suitability group 7) 

Maddock fine sand, 6 to 12 percent slopes (Мас). —Тћіѕ 
soil is rolling and sloping. It is on outwash areas and in 
upland areas. Тһе areas vary in size and shape. Slopes are 
50 to 900 feet long. The most uniform areas are along 
the waterways and around potholes. The profile of this 
soil differs from the one deseribed as representative for 
the series in having a thinner surface layer. 

Included in mapping were small areas of well-drained 
Sverdrup soils. Also included were small areas where 
slopes are lesser or steeper and a few areas that are 
"Q А few areas differ in being underlain by medium 
sand. 

Nearly all of the acreage is used for cultivated crops. 
This soil is suited to all crops commonly grown in the 
county. Soil blowing is a hazard on unprotected fields 
during winter and spring. Water runs off at à medium 
to rapid rate, and the hazard of erosion is moderately 
severe. Droughtiness is a serious limitation; it affects the 
crops in most years. The main management needs are 
controlling erosion, conserving moisture, and maintaining 
fertility. (Capability unit VIs-1; woodland suitability 
group 7) 


Marsh 


Marsh (0 to 1 perent slopes) (Mh) is a land type that 

occurs in shallow ponds and sloughs and in depressions 
that contain water throughout most of the vear. Some of 
these areas go dry late in summer or during periods of 
drought, but most areas are wet all year. The vegeta- 
tion consists of cattails, rushes, sedges, and other water- 
tolerant plants. The soil in these areas consists of mineral 
material, calcareous mucky lake sediments, or organic 
soil material. 
. Marsh is excellent for wildlife habitat. It provides nest- 
ing, mating, and escape areas for waterfowl, furbearers, 
and upland game. Most of these areas can be improved 
for wildlife production by controlling the water level. 
by increasing nesting-and courting areas for ducks, and 
by fencing out livestock. 

Many of these areas are impracticable to drain be- 
cause of nearby streams or lakes. (Capability unit 
VIIIw-1; woodland suitability group 8) 


Marysland Series 


The Marysland series consists of poorly drained and 
very poorly drained, nearly level soils. These soils form- 
ed under grasses in calcareous material and are moderate- 
ly deep over calcareous sand. 

In a representative profile, the surface layer is black 
and very dark grav loam about 15 inches thick. Below 
this is dark grayish-brown, grayish-brown, and light 
brownish-gray loam and sandy loam about 17 inches 
thick. Below this 18 gray and light brownish-gray loamy 
fine sand about 8 inches thick. The underlying material 
is light olive-brown, yellowish-brown, and strong-brown 
gravelly coarse sand. 


Marysland soils have high natural fertility and organ- 
ic-matter content and medium available water capacity. 
Permeability is moderate above the sand and gravel and 
rapid in the sand and gravel. Reaction of the surface 
layer is mildly alkaline. 

Marysland soils are used for pasture and crops. Wet- 
ness is a major limitation. 

Representative profile of a nearly level Marysland 
loam, 980 feet north and 1,090 feet west of the southeast 
corner, NEY, sec. 26, T. 130 N., В. 36 W. 


А1--0 to 12 inches, black (10YR 2/1) loam; weak, fine, sub- 
angular blocky structure; friable; strongly effer- 
vescent; mildly alkaline; gradual, wavy boundary. 

АЗса- 12 to 15 inches, very dark gray (10YR 8/1) loam; 
weak, fine, subangular blocky structure; friable; 
strongly effervescent; mildly alkaline; gradual, wavy 
boundary. 

Сіса--15 to 17 inches, dark grayish-brown (2.5Y 4/2) loam; 
few, fine, distinct, yellowish-brown (10YR 5/6) 
mottles; weak, fine, subangular blocky structure; 
friable; strongly effervescent; mildly alkaline; clear, 
wavy boundary. 

C2—17 to 20 inches, grayish-brown (2.5Y 5/2) sandy loam; 
common, medium, prominent, yellowish-brown (10YR 
5/8) mottles; weak, fine, subangular blocky struc- 
ture; friable; strongly effervescent; mildly alkaline; 
elear, wavy boundary. р 

C3—20 to 82 inches, light brownish-gray (2.5Y 6/2) loam; 
massive; friable; strongly efferveseent; mildly alka- 
line; abrupt, wavy boundary. 

IIC4—32 to 36 inches, light brownish-gray (2.5Y 6/2) loamy 
fine sand; single grain; loose; slightly effervescent ; 
mildly alkaline; abrupt, wavy boundary. 

IIC5—36 to 40 inches, gray (2.5Ү 6/1) loamy fine sand ; single 
grain; loose; sightly effervescent; mildly alkaline; 
abrupt, wavy boundary. 

IIC6—40 to 60 inches, mixed light olive-brown (2.5፻ 5/4), 
yellowish-brown (10YR 5/6), and strong-brown 
(75YR 5/6) gravelly coarse sand; single grain; 
loose; slightly effervescent; mildly alkaline. 


The A horizon ranges from loam or sandy loam to light 
clay loam or sandy clay loam in texture. Its structure is very 
fine or fine granular or subangular blocky. The Clca, C2, and 
C8 horizons range from sandy loam to loam or clay loam 
in texture. The depth to the coarse-textured IIC horizon 
ranges from 20 to 40 inches. The IIC horizon is variable in 
texture. The IIC4 and IIC5 horizons are loamy sand, loamy 
fine sand, fine sand, or sand. These horizons are lacking in 
some profiles. The IIC6 horizon is coarse sand, gravelly coarse 
sand, or stratified gravel and sand. 

Some of these soils have slightly coarser texture in the 
upper part, some lack a саїсіс horizon, and in some the depth 
to the calcic horizon is more than 16 inches, These differ- 
ences do not alter the usefulness and behavior of these soils. 

Marysland soils are associated with Forada and Arveson 
soils. They differ from Forada soils in that they are са!- 
сатеопз throughout the solum. They differ from Arveson 
soils principally because they have a gravelly coarse sand 
substratum: rather than a sandy substratum. 


Marysland loam (0 to 2 percent slopes) (Mm).—This 
soil is nearly level or slightly depressed. The areas 
generally are broad, irregular in shape, and variable 
in size. À few areas are waterways. This soil has the 
profile described as representative for the series. 

Included in mapping were small areas of Arveson, 
Forada, and Osakis soils. Also included were a few areas 
where the soil is deeper over sand and gravel than in 
the representative profile. 

This soil is used for cultivated crops and pasture. It 
is not well suited to cultivation unless drained. If ade- 
quately drained, this soil is suited to all crops common 
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in the county. Soil blowing is a limitation on fields that 
are left bare in winter and spring. 

The main management needs are practices that im- 
prove drainage, control erosion, and improve fertility 
and tilth. (Capability unit IIw-2; woodland suitability 
group 5) 

Marysland loam, depressional (0 to 1 percent slopes) 
(Mo).— This soil is nearly level and very poorly drained. 
It is on the outwash plains in deep depressions or circu- 
lar potholes, or in elongated waterways. The profile 
differs from the one described as representative for the 
series in having a thicker surface layer. 

Included in mapping were small areas of other Marys- 
land soils and of Cathro muck, sandy subsoil variant. 

If undrained, this Marysland soil is generally covered 
with marsh vegetation that consists of reeds, sedges, 
rushes, and, in some places, willows. The undrained 
areas are well suited to wildlife habitat. They provide 
food, cover, and nesting for waterfowl, furbearers, and 
upland game. 

If drained. this soil is used for cropland and pasture. 
Adequately drained areas can be used for all crops com- 
monly grown in the county. 

The main management needs are practices that improve 
drainage, fertility, and tilth. (Capability unit IILw-2; 
woodland suitability group 5) 


Millerville Series 


The Millerville series consists of very poorly drained, 
nearly level, organic soils. These soils formed under 
vegetation consisting of sedges, rushes, cattails, and marsh 
grass. They are in sloughs, potholes, and drainageways. 

In a representative profile, the surface layer is dark- 
brown mucky peat about 9 inches thick. The next layer 
is dark reddish-brown mucky peat about 10 inches thick. 
Below this is dark-brown and very dark brown mucky 
peat about 5 inches thick. The underlying material is 
very dark grayish-brown and very dark gray silt loam. 

Millerville soils have low natural fertility and very 
high available water capacity. 

Millerville soils are used for crops, pasture, and wild- 
life habitat. If drained, they are suited to all crops 
commonly grown in the county. 

Representative profile of Millerville mucky peat, 110 
feet west and 78 feet north of the southeast corner, SW1/ 
SEY, sec. 3, T. 129 N., R. 39 W. 


Оер--0 to 9 inches, dark-brown (7.5YR 3/2, broken face and 
rubbed) hemic material; about 75 percent fiber, 
about 35 percent rubbed; massive; nonsticky ; com- 
mon inclusions of black sapric material; herbaceous 
fibers; about 35 percent mineral material; slightly 
acid; abrupt, smooth boundary. 

Oe2—9 to 19 inches, dark reddish-brown (5YR 3/2, broken 
face and rubbed) hemic material; about 60 percent 
fiber, about 25 percent rubbed; weak, thick, platy 
structure; nonsticky; herbaceous fibers; about 15 
percent mineral material; slightly acid; clear, smooth 
boundary. 

Oe8—19 to 24 inches, hemic material that has dark-brown 
(Т.БҮВ 3/2) fiber and very dark brown (10YR 2/2) 
matrix, very dark grayish brown (10YR 3/2, rubbed) ; 
about 35 percent fiber, about 10 percent rubbed ; weak, 
medium, platy structure: nonsticky; herbaceous 
fibers; about 15 percent mineral material; slightly 
acid ; abrupt, smooth boundary. 


Leol—24 to 42 inches, very dark grayish-brown (10YR 8/2) 
coprogenous earth, very dark gray (10YR 3/2, rub- 
bed) ; about 15 percent plant and detritus; massive; 
nonsticky; about 20 percent mineral material ; 
slightly acid; gradual, smooth boundary. 

Leo2—42 to 78 inches, very dark gray (10YR 3/1, broken 
face and rubbed) coprogenous earth; massive; non- 
Sticky ; about 5 percent plant detritus; about 15 per- 
cent snail shells; about 70 percent mineral material; 
strongly effervescent; neutral. 


Depth to the underlying coprogenous earth (Leol horizon) 
ranges from 16 to 51 inches. The organic soil material is 
brown, dark brown, very dark brown, dark reddish brown, or 
reddish brown, Its reaction is slightly acid to mildly alkaline. 
Some areas contain layers ої saprie or fibrie material, but 
the total thickness of each of these materials is less than 
10 inches. The Lco horizon has colors of very dark grayish 
brown, dark grayish brown, very dark gray, dark gray, and 
olive gray. 

Millerville soils are similar to Carlos and Brophy soils. 
They differ from both of those soils in being underlain by 
coprogenous earth material within a depth of 51 inches. 

Millerville mucky peat (0 to 1 percent slopes) (Mp).— 
This soil is nearly level. 16 is in depressions, potholes, 
small lake basins, and drainageways that vary in size 
and shape. All soil areas are flooded in spring, and most 
areas are flooded or wet throughout the year. 

Included in mapping were small areas of Cathro and 
Rifle soils. Also included were small areas that are cal- 
careous. 

Most of the areas are undrained and are covered with 
marsh vegetation that consists of sedges, rushes, reeds, 
marsh grass, and, in some areas, willows. These areas 
are moderately well suited as wildlife habitat. They pro- 
vide food and cover for waterfowl, furbearers, and up- 
land game. If drained, this soil is used for hay or pasture, 
and a few areas are used for crops. If adequately drained, 
this soil is suited to all crops commonly grown in the 
county, but small grains often lodge and corn and soy- 
beans may not reach maturity. Soil blowing can be a 
hazard on bare fields. (Capability unit IVw-2; wood- 
land suitability group 8) 


Nebish Series 


The Nebish series consists of deep, well-drained, un- 
dulating to steep soils. These soils formed under hard- 
wood forests in caleareous loam glacial till. 

In a representative profile, the surface layer is very 
dark gray loam about 3 inches thick. The subsurface 
layer is grayish-brown sandy loam about 6 inches thick. 
The subsoil is about 24 inches thick. The upper part is 
dark yellowish-brown sandy clay loam, and the lower 
part is olive-brown sandy clay loam. The underlying 
material is light olive-brown loam. 

Nebish soils have medium natural fertility, low to 
medium organic-matter content, and medium to high 
avallable water eapacity. Permeability is moderate. Re- 
action of the surface layer is neutral. 

Nebish soils are well suited to all crops commonly 
grown in the county. Some of the areas are wooded. 

Representative profile of Nebish loam, 2 to 6 percent 
slopes, where the slope 15 4 percent, 120 feet east and 320 
feet north of the southwest corner of sec. 9, T. 128 N., 
R. 38 W. 


А1-0 to 3 inches, very dark gray (10YR 8/1) loam; weak, 
very fine, granular structure; very friable; many 
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roots; about 5 percent coarse fragments; slightly 
acid ; abrupt, smooth boundary. 

A2—8 to 9 inches, grayish-brown (10YR 5/2) sandy loam; 
weak, very thin, platy structure; very friable; about 
5 percent coarse fragments; slightly acid; abrupt, 
wavy boundary. 

B21t—9 to 17 inches, dark yellowish-brown (10YR 4/4) sandy 
clay loam; strong, fine and medium, subangular 
blocky structure; firm; common, medium, very dark 
grayish-brown (10YR 3/2) clay films on faces of 
peds; many, thin, light-gray (10YR 7/2, dry) porous 
coatings on faces of peds; about 5 percent coarse 
fragments; many roots; slightly acid; gradual, wavy 
boundary. 

B22t—17 to 29 inches, dark yellowish-brown (10YR 4/4) 
sandy clay loam; moderate, medium and coarse, 
subangular blocky structure; firm; many, medium, 
very dark grayish-brown (10YR 8/2) clay films on 
faces of peds; about 5 percent coarse fragments, 
few roots; medium acid; gradual, wavy boundary. 

B3t—29 to 33 inches, olive-brown (2.5Y 4/4) sandy clay loam; 
weak, medium and coarse, subangular blocky struc- 
ture; firm; common, thin and medium, very dark 
grayish-brown (10YR 3/2) clay films on faces of 
peds; about 5 percent coarse fragments; few roots; 
neutral; clear, wavy boundary. 

С--88 to 60 inches, light olive-brown (2.57 5/4) loam; weak, 
thin, platy structure parting to weak, fine, subangular 
blocky; friable; few roots; few white (10YR 8/2) 
lime threads; strongly effervescent; mildly alkaline. 


The Al horizon ranges from 2 to 5 inches in thickness in 
uncultivated areas. The color is black or very dark gray. In 
cultivated areas, the Ap horizon is dark gray or dark grayish 
brown. The structure is weak to moderate, fine and very 
fine, granular. The A2 horizon is 4 to 10 inches thick. Its 
color ranges from dark grayish brown to grayish brown. It 
has weak, thin, platy structure or weak, fine and medium, 
subangular blocky. The A horizon ranges from sandy loam 
to loam in texture. About 50 percent of the areas have an 
AB horizon or BA horizon up to 4 inches thick, The B 
horizon is clay loam, sandy clay loam, or heavy loam in tex- 
ture. The B2 horizon ranges from dark brown or brown to 
dark yellowish brown or yellowish brown. Clay films range 
from thin to thick and from common to many. The C horizon 
is loam or sandy loam that is olive brown or light olive brown. 

Nebish soils are associated with Beltrami and Shooker 
soils. They are better drained than Beltrami soils, and they 
lack mottles in the B horizon. They are better drained than 
Shooker soils and have a browner B horizon. Nebish soils 
differ from the similar Waukon soils in having a thinner Al 
horizon and a thicker A2 horizon. 


Nebish sandy loam, 2 to 6 percent slopes (NbB).—This 
soil is undulating. It is on morainic uplands. The areas 
vary in size and shape. Slopes are complex and choppy. 
They are 50 to 200 feet long. The profile differs from the 
one described as representative for the series in having a 
coarser textured surface layer and subsoil. 

Included in mapping were small areas of Beltrami and 
Shooker soils. Also included were small areas of Jess 
sloping soils, small areas of more strongly sloping soils, 
eroded areas, gravelly spots, and areas that have many 
surface stones. I 

This soil is used for erops, woodland, and pasture. 
It ів suited to all crops commonly grown in the county. 
Water runs off this soil at a medium rate. The hazard 
of erosion is moderate. The main management needs 
are practices that control erosion, improve fertility and 
tilth, and conserve moisture. (Capability unit IIe-9; 
woodland suitability group 1) 

Nebish sandy loam, 6 to 12 percent slopes (NbC).— 
This soil is rolling. It is on morainic uplands. The areas 
vary in size and shape. Slopes are short and complex 
and are 80 to 250 feet long. The profile differs from 


the one described as representative for the series in 
having a coarser textured surface layer and subsoil. | 

Included in mapping were small areas of Beltrami 
and Shooker soils, Also included were small areas of 
less sloping soils, small areas of more strongly sloping 
soils, eroded areas, gravelly spots, and areas that have 
many surface stones. 

This soil is used for crops, woodland, and pasture. It 
is suited to all erops commonly grown in the county. 
Water runs off this soil at a medium to rapid rate. The 
hazard of erosion is moderately severe. The main man- 
agement needs are practices that control erosion, improve 
fertility and tilth, and conserve moisture. (Capability 
unit IIIe-2; woodland suitability group 1) 

Nebish sandy loam, 12 to 18 percent slopes (NbD).— 
This soil is hilly. It is on morainic uplands. The areas 
vary in size and shape. Slopes are short, complex, and 100 
to 300 feet long. The profile differs from the one described 
as representative for the series in having a coarser tex- 
tured surface layer and subsoil. . 

Included in mapping were small areas of Beltrami 
and Shooker soils. Also included were small areas of 
less sloping soils, small areas of more strongly sloping 
soils, eroded areas, gravelly areas, and areas that have 
surface stones. 

This soil is used for crops, woodland, and pasture. It 
is suited to all crops commonly grown in the county. 
Water runs off this soil at a rapid rate. The hazard of 
erosion is severe. The main management needs are prac- 
tices that control erosion, improve fertility and tilth, and 
conserve moisture. (Capability unit ГУе-1; woodland 
suitability group 1) "wer 

Nebish loam, 2 to 6 percent slopes (NeB).—This soil 
is undulating. It is on morainie uplands. The areas 
vary in size and shape. Slopes are complex and choppy 
and are 80 to 200 feet long. This soil has the profile de- 
scribed as representative for the series. . 

Included in mapping were small areas of Beltrami and 
Shooker soils. Also included were small areas of less 
sloping soils, small areas of more strongly sloping soils, 
eroded areas, and gravelly spots. 

This soil is used for crops, pasture, and woodland. It 
is suited to all erops commonly grown in the county. 
Water runs off this soil at a medium rate. The hazard of 
erosion is moderate, The main management needs are 
practices that control erosion, improve fertility and tilth, 
and conserve moisture. (Capability unit IIe-2; woodland 
suitability group 1) 

Nebish loam, 2 to 6 percent slopes, eroded (NeB2).— 
This soil is undulating. It occurs on the morainie up- 
lands. The areas vary in size and shape. Slopes are 
complex and choppy and 80 to 200 feet long. The mod- 
erate erosion, deep tillage, and the removal of trees have 
caused material from the subsoil to be mixed with the 
original surface layer. Ав a result, the present plow layer 
is more brownish and less friable than the slightly eroded 
Nebish soils. The profile differs from the one described as 
representative for the series in having a very dark gray- 
ish-brown surface layer. 

Included in mapping were small areas of Beltrami and 
Shooker soils. Also included were small areas of less 
sloping soils, small areas of more strongly sloping soils, 
uneroded areas, and gravelly areas. 
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This soil is used for crops, woodland, and pasture. It 
is suited to all erops commonly grown in the county. 
Water runs off this soil at a medium rate. The hazard of 
erosion is moderate. The main management needs are 
practices that control erosion, improve fertility and tilth, 
and conserve moisture. (Capability unit IIe-2; wood- 
land suitability group 1) 

Nebish loam, 6 to 12 percent slopes (NeC).—This soil 
is rolling. It is оп morainie uplands. The areas vary in 
size and shape. Slopes are short, complex, and 80 to 250 
feet long. The profile differs from the one described as 
representative for the Nebish series in being thinner. 

Included in mapping were small areas of Beltrami 
and Shooker soils. Also included were small areas of less 
sloping soils, small areas of more strongly sloping soils, 
eroded areas, and gravelly spots. 

This soil is used for crops, pasture, and woodland. It 
is suited to all crops commonly grown in the county. 
Water runs off this soil at a medium to rapid rate. The 
hazard of erosion is moderately severe. The main man- 
agement needs are practices that control erosion, improve 
fertility and tilth, and conserve moisture. (Capability 
unit I[Te-2; woodland suitabilitv group 1) 

Nebish loam, 6 to 12 percent slopes, eroded (NeC2).— 
This soil is rolling. It is on morainic uplands. The areas 
vary in size and shape. Slopes are complex and 75 to 
250 feet long. Moderate erosion, deep tillage, and the 
removal of trees have caused material from the subsoil 
to be mixed with the original surface layer. As a result, 
the present plow layer has a more brownish color and 
is less friable than the slightly eroded Nebish soils. Тһе 
profile differs from the one described as representative for 
the series in being thinner and having a dark grayish- 
brown surface layer. 

Included in mapping were small areas of Beltrami and 
Shooker soils. Also included were small areas of less 
sloping soils, small areas of more strongly sloping soils, 
uneroded areas, and gravelly areas. 

This soil is used for crops, woodland, and pasture. It 
is suited to all erops commonly grown in the county. 
Water runs off this soil at à medium to rapid rate. The 
hazard of erosion is moderately severe. The main man- 
agement needs are practices that control erosion, im- 
prove fertility and tilth, and conserve moisture. (Capa- 
bility unit ITIe-2 : woodland suitability group 1) 

Nebish loam, 12 to 18 percent slopes (NeD).—This soil 
is hilly. Tt occurs on the morainic uplands. Тһе areas 
vary in size and shape. Slopes are short and complex and 
100 to 300 feet long. The profile differs from the one 
described as representative for the series in being thinner. 

Included in mapping were small areas of Deltrami, 
Shooker, and Langhei soils. Also included were small 
areas of less sloping soils, small areas of more strongly 
sloping soils, gravelly areas, and moderately eroded areas. 
. This soil is used for crops, woodland, and pasture. It 
is suited to all crops commonly grown in the county. 
Water runs off this soil аб а rapid rate. The hazard of 
erosion is severe, The main management needs are ргас- 
tices that control erosion, improve fertility and tilth, 
and conserve moisture. (Capability unit IVe-1; wood- 
land suitability group 1) 

. Nebish loam, 18 to 24 percent slopes (NeE).—This soil 
is steep. It occurs on the morainic uplands mainly in 


areas along waterways and drainageways or surround- 
ing sloughs and lakes. The areas vary in size and shape. 
Slopes are 100 to 300 feet long . The profile differs from 
the one described as representative for the series in being 
thinner. 

Included in mapping were small areas of Langhei soils. 
Also included were small areas of less sloping soils, small 
areas of more strongly sloping soils, eroded areas, and 
gravelly areas. 

This soil is used for woodland and pasture. It is suited 
to permanent vegetation. Water runs off very rapidly. 
The hazard of erosion is very severe. The main manage- 
ment needs are practices that control erosion. (Capability 
unit У16-1: woodland suitability group 1) 

Nebish-Dorset complex, 2 to 6 percent slopes (NhB).— 
These soils are undulating. They occur on the morainic 
uplands. The areas vary in size and shape. Slopes are 
irregular, complex, and 75 to 250 feet long. Nebish soils 
make up about 60 to 80 percent of the areas, and Dorset 
soils, about 20 to 40 percent. Nebish soils are the very 
dark gray areas, and Dorset soils are the black to dark- 
gray areas, which are underlain by gravel. The Nebish 
and Dorset soils occur in such an intricate pattern that it 
is not practical to map them separately. 

Included in mapping were small areas of Beltrami 
and Shooker soils. Also included were small areas of less 
sloping soils, small areas of more strongly sloping soils, 
eroded spots. and areas that have many stones. 

The soils in this complex are used for crops, woodland, 
and pasture. They are suited to all crops commonly 
grown in the county. Dorset soils are less well suited to 
crops than Nebish soils because of lower fertility and а, 
drought hazard. Water runs off these soils at a medium 
rate. The hazard of erosion is moderate. The main man- 
agement needs are practices that control erosion, improve 
fertility and tilth, and conserve moisture, (Capability 
unit ТПе-8; Nebish part in woodland suitability group 
1; Dorset part in woodland suitability group 6) 

Nebish-Dorset complex, 6 to 12 percent slopes 
(NhC).—These soils are rolling. They occur on Ше morainic 
uplands. The areas vary in size and shape. Slopes are 
complex and 75 to 250 feet long. Nebish soils make up 
about 60 to 80 percent of the area, and Dorset soils, about 
20 to 40 percent. Nebish soils are the very dark gray 
areas, and Dorset soils are the black to dark-gray areas 
that are underlain by gravel. The Nebish and Dorset 
soils occur in such an intricate pattern that it is not 
practical to map them separately. 

Included in mapping were small areas of Beltrami and 
Shooker soils. Also included were small areas of less 
sloping 80118, small areas of more strongly sloping soils, 
eroded spots, and areas that have many stones. 

These soils are used for сгорв, woodland, and pasture. 
They are suited to all crops commonly grown in the 
county. The Dorset soils are less well suited to crops than 
Nebish soils because of lower fertility and a drought 
hazard. Water runs off these soils at a medium to rapid 
rate, The hazard of erosion is moderately severe. The 
main management needs are practices that control erosion. 
improve fertility and tilth, and conserve moisture. (Ca- 
pability unit IVe-1; Nebish part in woodland suitability 
group 1; Dorset part in woodland suitability group 6) 
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Nicollet Series 


The Nicollet series consists of deep, moderately well 
drained, nearly level to gently sloping soils. These soils 
formed under grasses in calcareous loam glacial till. 

In a representative profile, the surface layer is clay 
loam, about 14 inches thick, that is black in the upper part 
and very dark gray in the lower part. 'The subsoil is 
dark grayish-brown clay loam about 14 inches thick. The 
underlying material is olive-brown and light olive-brown 
loam. 

Nicollet soils have high natural fertility, available 
water capacity, and organic-matter content. Permeability 
18 moderate. Reaction of the surface layer is neutral. 

Nicollet soils are good farm soils. They are suited to 
all crops commonly grown in the county. 

Representative profile of Nicollet clay loam, 1 to 4 
percent slopes, in a cultivated field where the slope is 2 
percent, 436 feet north and 230 feet east of the south- 
west corner, NW1/ sec. 15, T. 197 N., К. 36 W. 

Ар--0 to 9 inches, black (10YR 2/1) clay loam; weak, me- 
dium and coarse, granular structure; friable; about 
3 percent coarse fragments; neutral; abrupt, smooth 
boundary. 


А8—9 to 14 inches, very dark gray (10YR 3/1) clay loam; 
Маек (10YR 2/1) coatings on faces of peds; weak, 


very fine, granular structure; friable; about 8 
pereent coarse fragments; neutral; clear, wavy 
boundary. 


B21—14 to 28 inches, dark grayish-brown (2.5Y 4/2) clay 
loam; weak, coarse, subangular blocky structure 
parting to weak, fine and medium, subangular blocky; 
friable; few, thin, patchy clay films on faces of 
peds; common bleached sand grains; few black con- 
eretions; about 4 percent coarse fragments; neutral; 
gradual, smooth boundary. 

B22—23 to 28 inches, dark grayish-brown (2.5Y 4/2) clay 
loam; common, fine, distinct, dark yellowish-brown 
(10YR 4/4) mottles; weak, medium, subangular 
blocky structure; friable; few manganese concre- 
tions; about 4 percent coarse fragments; neutral; 
abrupt, wavy boundary. 

C1—28 to 88 inches, olive-brown (2.5Y 4/4) loam; common, 
fine, distinet, yellowish-brown (10YR 5/0) mottles; 
weak, fine subangular blocky structure; friable; 
common, medium, distinct, light-gray (2.5Y 7/2) 
lime segregations and threads; about 4 percent 
coarse fragments: strongly effervescent ; mildly alka- 
line; gradual, wavy boundary. 

02--88 to 60 inches, light olive-brown (2.5Y 5/4) loam; com- 
mon, medium, distinct, strong-brown (7.5YR 5/6) 
то ев: weak, fine, subangular blocky structure; fri- 
able; common, medium, distinct, light-gray (9.5Ү 
7/2) lime segregations and threads; few black con- 
cretions; about 4 percent coarse fragments; strongly 
effervescent; mildly alkaline. 


The A horizon is 10 to 16 inches thick. Its texture is loam 
or clay loam. The most common colors in the B horizon are 
dark grayish brown, grayish brown, olive brown, and light 
olive brown. The B horizon ranges from loam to clay loam 
in texture. The B22 horizon contains faint to distinct mottles. 
Depth to lime ranges from 22 to 34 inches. 

The annual temperature of these soils is a few degrees 
cooler ‘than the defined range for the series, but this differ- 
ence does not alter their usefulness and behavior. 

Nicollet soils are associated with Clarion, Flom, and Quam 
soils. They have a thicker A horizon and more olive colors in 
the B horizon than Clarion soils. They are better drained than 
Flom and Quam soils. They lack mottles in the upper part of 
the B horizon, which are characteristic of Flom soils. 


Nicollet clay loam, 1 to 4 percent slopes (NIA).—The 
areas of this soil vary in size and shape. They have 
slightly convex slopes. This soil is in lower positions than 


Clarion soils and in slightly higher positions than Flom 
soils. 

Included in mapping were small areas of Clarion, 
Flom, and Vallers soils. Also included were areas of a 
calcareous soil in some places on slight rises and, in some 
areas, spots of more strongly sloping soils and sandy 
spots. 

This soil is well suited to erops, and there are few 
limitations to its use. All suited crops in the county can 
be grown. The main management needs are practices 
that maintain fertility and tilth. (Capability unit 1-1; 
woodland suitability group 1) 


Nymore Series 


The Nymore series consists of deep, sandy, well- 
drained, undulating to rolling soils. These soils formed 
under grasses and trees in outwash sand. 

In a representative profile, the surface layer is very 
dark brown loamy sand about 6 inches thick. The sub- 
soil is about 20 inches thick. It is dark reddish-brown 
loamy sand in the upper 6 inches and dark-brown and 
yellowish-brown sand in the lower part. The underlying 
material is brown sand. 

Nvmore soils have low available water capacity, natural 
fertility, and organic-matter content. Permeability is 
rapid. Reaction of the surface layer is slightly acid. 

The Nymore soils are droughty. Soil blowing is a 
hazard on unprotected fields. Some areas are wooded. 

Representative profile of Nymore loamy sand, 2 to 6 
percent slopes, where the slope is 2 percent, 700 feet 
south and 125 feet west of the northeast corner, ХУУ 
NE, sec. 17, T. 130 እ, R. 36 W. 

Ар--0 to 6 inches, very dark brown (10YR 2/2) loamy sand; 
massive; friable; slightly acid; abrupt, smooth 
boundary. 

B21—6 to 12 inches, dark reddish-brown (БУВ 3/4) loamy 
sand; massive; friable; slightly acid; clear, wavy 
boundary. 

B22—12 to 18 inches, dark-brown (7.5YR 4/4) sand; single 
grain; loose; slightly acid; clear, wavy boundary. 

ВЗ--18 to 26 inches, yellowish-brown (10YR 5/4) sand; single 
grain; loose; medium acid; clear, wavy boundary. 

C—26 to 60 inches, brown (10YR 5/8) sand; single grain; 
loose; neutral. 

The A horizon is 8 to 7 inches thick. The most common 
colors in the B horizon are brown, dark brown, dark reddish 
brown, reddish brown, and yellowish brown. Depth to sand 
ranges from 10 to 20 inches. 

Nymore soils are similar to Maddock and Sioux soils. They 
differ from Maddock soils in having a thinner À horizon and 
containing more medium and coarse sand throughout. They 
differ from Sioux soils in either lacking gravel or containing 
less gravel throughout. 

Nymore loamy sand, 2 to 6 percent slopes (NyB).—This 
soil is undulating. It occurs in outwash areas and on 
uplands. The areas vary in size and shape. Slopes gen- 
erally are complex and 50 to 200 feet long. This soil has 
the profile described as representative for the series. 

Included in mapping were small areas of Maddock or 
Sioux soils. Also included were small areas of more 
strongly sloping soils, small areas of less sloping soils, 
and eroded areas. 

This soil is used for cultivated crops, pasture, and 
woodland. Drought and low fertility are hazards. Soil 


blowing is a hazard on fields left unprotected during win- 
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ter and spring. The main management needs are practices 
that control erosion, improve fertility, and conserve 
moisture. (Capability unit IVs-1; woodland suitability 
group 7) 

Nymore loamy sand, 6 to 18 percent slopes (NyC].— 
'l'his soi! is rolling. It oceurs in outwash areas and on 
uplands. These areas vary in size and shape. Slopes are 
complex and 50 to 200 feet long. The profile differs from 
the one described as representative for the series in being 
thinner. 

Included in mapping were small areas of Maddock and 
Sioux soils. Also included were small areas of less slop- 
ing soils and small areas of more strongly sloping soils. 

This soil is used for cultivated crops, pasture, and 
woodland. If this soil is used for crops, drought is a 
hazard. There is also a severe hazard of soil blowing and 
water erosion on fields left unprotected during winter 
and spring. This soil is better suited to permanent vegeta- 
tion. The main management needs are practices that con- 
trol erosion, improve fertility, and conserve moisture. 
(Capability unit VIs-1; woodland suitability group 7) 


Osakis Series 


The Osakis series consists of moderately well drained, 
nearly level soils. "These soils formed under grasses in 
loamy material. They are shallow to caleareous sand and 
gravel. 

In a representative profile, the surface layer is black 
loam about 7 inches thick. The subsoil is about 11 inches 
thiek. The upper part is very dark grayish-brown and 
dark-brown loam. The lower part is dark-brown gravel- 
ly loamy sand. The underlying material is dark grayish- 
brown, grayish-brown, dark brownish-gray, brown, and 
yellowish-brown gravelly coarse sand. 

Osakis soils have low natural fertility and available 
water capacity and medium organic-matter content. Per- 
meability is moderate above the coarse sand and gravel 
and rapid in the coarse sand and gravel. Reaction of the 
surface layer is slightly acid. 

Osakis soils are suited to all crops common in the coun- 
ty, but crop growth is often reduced by drought. 

Representative profile of Osakis loam, 0 to 3 percent 
slopes, in a cultivated field where the slope is 1 percent, 
802 feet south and 83 feet east of the northwest corner, 
NEA, sec. 28, T. 197 N., R. 37 W. 

Ар--0 to 7 inches, black (10YR 2/1) loam; weak, fine, granu- 
lar structure; friable; few bleached sand grains; 
slightly acid; abrupt, smooth boundary. 

B2—7 to 14 inches, very dark grayish-brown (10YR 3/2) and 
dark-brown (10YR 3/3) loam; few, fine, faint, dark 
yellowish-brown (10YR 4/4) mottles and few, fine, 
distinct, dark reddish-brown (БУВ 3/3) mottles; 
moderate, medium and coarse, subangular blocky 
structure; friable; few black tongues; slightly acid; 
abrupt, wavy boundary. 

IIB8—14 to 18 inches, dark-brown (10YR 3/3) gravelly loamy 
sand; common, fine, distinct, dark yellowish-brown 
(10YR 4/4) mottles; weak, medium, subangular 
blocky structure; very friable; few, soft, black con- 
cretions ; neutral; abrupt, wavy boundary. 

IIC1—18 to 23 inches, dark grayish-brown (2.5Y 4/2), gray- 
ish-brown (2.5Y 5/2), brown (7.5YR 4/4), and yel- 
lowish-brown (10YR 5/8) gravelly coarse sand; 
single grain; loose; few coatings of lime on pebbles; 
strongly effervescent; mildly alkaline; gradual, wavy 
boundary. 


IIC2—23 to 60 inches, dark brownish-gray (2.5Y 4/2), gray- 
ish-brown (2.5Y 5/2), brown (7.5YR 4/4), and yel- 
lowish-brown (10YR 5/8) gravelly coarse sand; 
single grain; loose; strongly effervescent ; mildly 
alkaline. 

The A horizon is loam or sandy loam that ranges from 6 to 
14 inches thick. The B2 horizon is loam or sandy loam, and 
the IIB3 horizon is gravelly loamy sand or gravelly sandy 
loam. The B horizon is commonly very dark grayish brown, 
dark grayish brown, dark brown, or olive brown. Depth to 
the IIC1 horizon ranges from 14 to 22 inches. 

Osakis soils are associated with Arvilla, Forada, and Han- 
gaard soils. They differ from Arvilla soils in having mottles 
in the B horizon. They are better drained than Forada and 
Hangaard soils and are browner in most of the B horizon. 

Osakis loam, 0 to 3 percent slopes (OsA).—This soil 
occurs on the outwash plains of the county. Areas are 
variable in size and shape. This soil generally occurs 
next to areas of Ату Ша soils. 

Included in mapping were small areas of Arvilla and 
Forada soils. Also included were small areas of more 
strongly sloping soils, areas where depth to gravel is 
more than 22 inches, and areas that are underlain by sand. 

Nearly all of this soil is used for cultivated crops. A 
few small areas are used for pasture. This soil is suited 
to all crops commonly grown in the county, but it is bet- 
ter suited to carly maturing crops because of the drought 
hazard. Soil blowing is a hazard on fields left unpro- 
tected in winter and spring. This soil is suited to irriga- 
tion, and field crops and vegetables can be irrigated. 
The main management needs are practices that control 
erosion, conserve moisture, and maintain fertility. (Capa- 
bility unit IITe-3: woodland suitability group 6) 


Quam Series 


The Quam series consists of deep, very poorly drained, 
nearly level soils that are in sloughs, potholes, and de- 
pressions. "These soils formed under marsh grasses and 
cattails in water-sorted sediments derived from local 
drift. 

In a representative profile, the surface layer is black 
and about 36 inches thick. The upper 8 inches is mucky 
silty clay loam, and the rest is silty clay loam. The un- 
derlying material is olive-gray silty clay loam and clay 
loam glacial till. | . 

Quam soils have high natural fertility, organic-matter 
content, and available water capacity. Permeability 18 
moderately slow. Reaction of the surface layer is neutral. 

Drainage is needed before these soils can be used for 
сторв. Undrained areas are marshy. 

Representative profile of Quam mucky silty clay loam, 
in an undrained depression, 910 feet north and S3 feet 
east of the southwest corner, МҮ sec. 15, Т. 128 N., 
R. 40 W. 

A110 to 8 inches, black (N 2/0) mucky silty clay loam; 
weak, very fine, granular structure ; nonsticky ; many 
roots; neutral; abrupt, smooth boundary. 

А19--8 to 12 inches, black (N 2/0) silty clay loam; weak, very 
fine, granular structure; slightly sticky; common 
roots: neutral; abrupt, smooth boundary. 

A13 12 to 18 inches, black (N 2/0) silty clay loam; weak, 
fine, subangular blocky structure; sticky; neutral; 
gradual, wavy boundary. 

A14—18 to 36 inches, black (10YR 2/1) silty clay loam; few, 
medium, faint, very dark brown (10YR 2/2) mottles ; 
moderate, fine and medium, subangular blocky strue- 
ture; sticky ; neutral; gradual, irregular boundary. 
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C1g—36 to 38 inches, olive-gray (БҮ 5/2) silty clay loam; 
common, medium, prominent, strong-brown (7.5YR 
5/6) and olive (5Y 5/8) mottles; massive; slightly 
sticky ; neutral; abrupt, wavy boundary. 

IIC2g—38 to 60 inches, olive-gray (5Y 5/2) clay loam; com- 
mon, fine, distinct, yellowish-brown (10YR 5/6) mot- 
tles; weak, fine, subangular blocky structure; slight- 
ly sticky; few light-gray (10YR 7/1) lime threads; 
about 5 percent coarse fragments; strongly efferves- 
cent; mildly alkaline. 


The Ail horizon is mucky silt loam or mucky silty clay 
loam. The rest of the A horizon is silt loam or silty clay 
loam. The A horizon ranges from 24 to 50 inches in thickness. 
Depth to lime ranges from 30 to 65 inches. Some areas have 
a layer of peat up to 6 inches thick on the surface. The C 
horizon ranges from loam or clay loam to silt loam or silty 
Фау loam. 

Quam soils are associated with Barnes, Flom, and Waukon 
soils. They are more poorly drained and have a thieker A 
horizon than any of those soils. 


Quam mucky silty clay loam (0 to 2 percent slopes) 
(Qu).—This soil occupies circular ог oblong depressions 
and potholes that are variable in size. All soil areas are 
flooded in spring, and most areas are flooded throughout 
the entire year. 

Included in mapping were small areas of Vallers, 
Urness, and Cathro soils, areas where the soil does not 
have a mucky surface layer, and areas where the black 
soil material is more than 48 inches thick. A few areas 
that are calcareous throughout the profile are shown on 
the map by spot symbols. 

If undrained, this soil is covered with marsh vegeta- 
tion that consists of sedges, reeds, rushes, or willows. 
The undrained areas are well suited as wildlife habitat. 
They provide food, cover, and nesting for waterfow], fur- 
bearers, and upland game. Many of these areas can be 
improved for wildlife habitat by exposing or creating 
additional areas of open water. If drained, this soil is 
used for crops, pasture, and hay, depending on the kind 
of drainage system installed. If adequately drained, this 
soil is suited to all crops commonly grown in the county. 
Small grains tend to lodge, and corn and soybeans may 
not reach maturity every year. This soil may be drained 
by open ditches ‘or tile. The main management needs 
are drainage and maintenance of fertility and tilth. 
(Capability unit IITw-1; woodland suitability group 4) 


Rifle Series 


The Rifle series consists of very poorly drained, organic 
soils. These soils formed in dead-plant tissue derived 
from sedges, rushes, cattails, and marsh grass. They are 
in sloughs, potholes, and drainageways. 

In a representative profile, the surface layer is black 
muck about 8 inches thick. The underlying material is 
very dark grayish-brown and dark yellowish-brown 
mucky peat. 

Rifle soils have low natural fertility and very high 
available water capacity. Reaction of the surface layer 
is neutral. 

Rifle soils are used for crops, pasture, and wildlife 
habitat. If these soils are drained, they are suited to all 
crops commonly grown in the county. 

Representative profile of Rifle mucky peat, 310 feet 
south and 105 feet east of the northwest corner, SW14 
sec. 1, T. 130 እ, R. 38 W. 


Оа--0 to 3 inches, black (10YR 2/1, rubbed) saprie material; 
10 percent fiber, 5 percent rubbed; weak, fine, granu- 
lar structure; nonsticky; slightly effervescent; neu- 
tral; clear, smooth boundary. 

Oe—3 to 68 inches, hemic material that has a very dark 
grayish-brown (10YR 3/2) matrix and dark yellow- 
ish-brown (10YR 4/4) fibers; about 65 percent fiber, 
about 85 percent rubbed; massive, nonsticky ; 
neutral. 


The organic material is more than 51 inches thick, but a 
mineral substratum commonly occurs within a depth of 12 
feet. Тһе organic material is derived primarily from her- 
baceous plants. The upper 12 inches is sapric material, hemic 
material, or a mixture of the two. Hemic material is domi- 
nant at depths between 12 and 51 inches, but in some areas 
there are thin layers of варгіс or fibric material at that 
depth. Тһе total thiekness of each of these layers, whether 
sapric or fibric material, is less than 10 inches. In some 
areas, there are layers that consist mostly of hypnum moss 
at that depth. The hemic material ranges from very dark 
grayish brown or dark grayish brown to brown, dark brown, 
or dark yellowish brown in color. Reaction typically is neu- 
tral but ranges to slightly acid or mildly alkaline. 

Rifle soils are similar to Seelyeville and Cathro soils. They 
differ from Seelyeville soils in having formed in hemie ma- 
terial rather than sapric material. They differ from Cathro 
soils in having organic soil material to a depth of more than 
51 inches. 

Rifle mucky peat (Rm).—This soil is nearly level. It 
occupies depressions, potholes, and drainageways that 
vary in size and shape. All soil areas are flooded in 
spring, and most areas are flooded or wet throughout 
the year. 

Included in mapping were small areas of Cathro soils 
and the sandy subsoil variant of Cathro soils. Also 
included were small areas that are calcareous. 

Most areas are undrained and are covered with marsh 
vegetation that consists of sedges, rushes, reeds, and, in 
some areas, willows. 'These areas are well suited as wild- 
life habitat. They provide food and cover for furbearers 
and upland game. If drained, this soil is used for hay or 
pasture, and, in a few areas, for crops. If adequately 
drained, it is suited to all the crops commonly grown in 
the county, but small grains often lodge and corn and soy- 
beans may not reach maturity. Soil blowing is a hazard. 
(Capability unit IVw-9; woodland suitability group 8) 


Rothsay Series 


The Rothsay series consists of deep, undulating, well- 
drained, siltv soils. These soils formed under grasses in 
calcareous, silty material. They are free from stones. 

In a representative profile, the surface layer is black 
silt loam about 7 inches thick. The subsoil is silt loam 
about 15 inches thick. The upper part is very dark brown 
and dark grayish brown, the middle part is dark yellow- 
ish brown, and the lower part is olive brown. The under- 
lying material is light olive-brown and olive-brown silt 
loam. 

Rothsay soils have high natural fertility and organic- 
matter content and very high available water capacity. 
Permeability is moderate. Reaction of the surface layer 
is neutral. 

These soils can be worked easily and are suited to all 
crops commonly grown in the county. 

Representative profile of Rothsay silt loam, 2 to 6 
percent slopes, in a cultivated field where the slope is 4 
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percent, 975 feet east and 80 feet north of the southwest 
corner of sec. 18, T. 180 N., R. 40 W. 


Ар--0 to 7 inehes, black (10YR 2/1) Silt loam; weak, fine, 
granular structure; friable; neutral; abrupt, smooth 
boundary. 

B21—7 to 11 inches, very dark brown (10YR 2/2) silt loam 
grading with depth to dark grayish brown (10YR 
4/2); weak, coarse, prismatic structure parting to 
weak, medium, subangular blocky; friable; neutral ; 
gradual, smooth boundary. 

B22—11 to 18 inches, dark yellowish-brown (10YR 4/4) silt 
loam; weak, coarse, subangular blocky structure ; 
very friable; neutral; abrupt, smooth boundary. 

B3—18 to 22 inches, olive-brown (2.5Y 4/4) silt loam; mas- 
sive; friable; slightly effervescent; neutral; gradual, 
smooth boundary. 

C1—22 to 80 inches, light olive-brown (2.5Y 5/4) silt loam; 
massive; friable; strongly effervescent; mildly alka- 
line; gradual, smooth boundary. 

C2—30 to 36 inches, olive-brown (2.5Y 4/4) silt loam; mas- 
sive; friable; few light brownish-gray (2.5Y 6/2) 
limy strata; strongly effervescent; mildly alkaline; 
gradual, smooth boundary. 

С3--36 to 60 inches, olive-brown (2.5Y 4/4) and light olive- 
brown (2.5Y 5/6) silt loam; massive; friable; few 
light brownish-gray (2.5Y 6/2) limy strata; strongly 
effervescent; mildly alkaline. 

Тһе А horizon is 5 to 12 inches thick. Тһе B horizon com- 
monly is very dark brown, very dark grayish brown, dark 
grayish brown, dark brown, brown, dark yellowish brown, 
olive brown, and light olive brown. Depth to the C horizon 
range from 15 to 80 inches. 

Rothsay soils are associated with Zell and Hantho soils. 
They differ from Zell soils in having a thicker solum. They 
differ from Hantho soils in being better drained and from 
the similar Barnes soils in containing less sand throughout. 


Rothsay silt loam, 2 to 6 percent slopes (RoB).—This 
soil is gently sloping and undulating. The areas are vari- 
able in size and shape. Slopes are 50 to 200 feet long. 

Included in mapping were small areas of Zell and 
Hantho soils. Also included were small areas of less slop- 
ing soils, small areas of more strongly sloping soils, and 
areas that are moderately eroded. 

Nearly all the acreage is used for cultivated crops. A 
few small areas are in pasture. This soil is suited to all 
crops commonly grown in the county. Water runs off 
this soil at a medium rate. The hazard of erosion is mod- 
erate. The main management needs are practices that 
control erosion, improve fertility and ЯШ, and conserve 
moisture. (Capability unit IIe-1; woodland suitability 
group 1) 


Seelyeville Series 


The Seelveville series consists of very poorly drained. 
organie soils. These soils formed in plant tissue derived 
from sedges. rushes, cattails, and marsh grass. They are 
in sloughs and potholes. 

In a representative profile, the surface layer is black 
muck about 7 inches thick. Below this, to a depth of 60 
inches, is black muck that contains very dark grayish- 
brown fibers. 

Seelyeville soils have low natural fertility and very 
high available water capacity. Reaction of the surface 
layer is neutral. 

Seclyeville soils are used for crops, pasture, and wild- 
life habitat, Tf these soils are drained, they are suited 
to all crops commonly grown in the county. 


Representative profile of Seelyeville muck, 810 feet east 
and 100 feet north of the southeast corner, SW1, sec. 25, 
T. 180 Х., R. 37 W. 

Оа1—0 to Т inches, Маск (10ҮВ 2/1, broken faee апа rub- 
bed) saprie material; less than 3 регсепі fiber, rub- 
bed; massive; nonsticky; neutral; gradual, wavy 
boundary. 

082---" to 60 inches, Маск (10YR 2⁄1, rubbed) saprie materi- 
al; very dark grayish-brown (10YR 8/2) fibers; 
about 30 percent fiber, about 10 percent rubbed; her- 
baceous fiber; massive ; nonstieky ; neutral. 


The organie deposits are more than 51 inches thick. Depth 
to the mineral substratum is commonly less than 10 feet. 
Saprie material is dominant to a depth of at least 51 inches, 
but some areas contain a layer or layers of hemic material 
that has a total thickness of less than 10 inches. Reaction is 
neutral to mildly alkaline. The organic soil material typically 
either is massive or has weak platy structure, but in some 
areas the upper 16 inches or less has weak granular structure. 

Seelyeville soils are similar to Rifle and Cathro soils. They 
differ from Rifle soils in having formed in saprie material 
rather than hemic material. They differ from Cathro soils in 
having organie soll material that extends to a depth of more 
than 51 inches. 

Seelyeville muck (0 to 1 percent slopes) (Se].— This 
nearly level soil occupies depressions, potholes, and 
drainageways that vary in size and shape, All soil areas 
are flooded in spring, and most areas are flooded or wet 
throughout the year. 

Included in mapping were small areas of Cathro and 
Rifle soils. Also included were small areas that are cal- 
careous. 

Most areas are undrained and are covered with marsh 
vegetation that consists of sedges, rushes, reeds, and, in 
some areas, willows, These areas are well suited as wild- 
life habitat. They provide food and cover for furbearers 
and upland game. If drained, this soil is used for hay 
and pasture and a few areas are used for crops. If ade- 
quately drained, this soil is suited to all crops commonly 
grown in the county, but small grains often lodge and 
corn and soybeans may not reach maturity. Soil blowing 
is a hazard on bare fields. (Capability unit IVw-9; wood- 
land suitability group 8) 


Shooker Series 


The Shooker series consists of poorly drained. nearly 
level soils. These soils formed under deciduous forest in 
calcareous loam glacial till. 

In a representative profile, the surface layer is black 
loam about 3 inches thick. The subsurface layer is loam 
about 9 inches thick. The upper part is dark grayish 
brown, and the lower part is grayish brown. The subsoil 
is about. 24 inches thick, The upper part is olive-brown 
loam, and the middle part is grayish-brown sandy clay 
loam, and the lower part is grayish-brown heavy fine 
sandy loam. The underlying material is light olive-brown 
heavy fine sandy loam. 

Shooker soils have medium natural fertility and or- 
ganic-matter content and medium to high available water 
capacity. Permeability is moderate. Reaction of the sur- 
face layer is slightly acid. 

1f adequately drained. fertilized, and managed, Shook- 
er soils are suited to all crops commonly grown in the 
county. Some of the areas are wooded. 
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Representative profile of Shooker loam, where the 
slope is 1 percent, 100 feet north and 300 feet east of the 
southwest corner, sec. 7, Т. 129 N., К. 37 W. 


0-4 inch to 0, duff and litter. 

А1--0 to 3 inches, black (10YR 2/1) loam; weak, fine, granu- 
lar structure; friable; common roots; about 5 per- 
cent coarse fragments; medium acid; abrupt, smooth 
boundary. 

A21—3 to 8 inches, dark grayish-brown (10YR 4/2) loam; 
few, fine, distinct, dark-brown (7.5YR 4/4) mottles; 
weak, thin and medium, platy structure; friable; 
common roots; about 5 percent coarse fragments; 
medium acid; clear, irregular boundary. 

А22--8 to 12 inches, grayish-brown (2.5Y 5/2) loam; few, 
fine, distinct, dark-brown (7.5YR 4/4) mottles; weak, 
fine, subangular blocky structure; friable; about 5 
pereent fragments; medium acid; few roots; gradual, 
wavy boundary. 

B21t—12 to 16 inches, olive-brown (2.5Y 4/3) loam; common, 
fine, distinct, dark-brown (7.5YR 4/4) mottles and 
few, fine, distinet, yellowish-brown (10YR 5/6) mot- 
tles; moderate, fine and medium, subangular blocky 
structure; firm; many, thin, very dark grayish-brown 
(2.5Y 3/2) clay films and common, thin, porous, dark 
grayish-brown (2.5Y 4/2) coatings on faces of peds; 
about 5 percent coarse fragments; medium acid; 
clear, wavy boundary. 

B22tg—10 to 24 inches, grayish-brown (2.5Y 5/2) sandy clay 
loam; common, fine, distinct, yellowish-brown (10YR 
5/6) mottles; moderate, fine and medium, subangular 
blocky structure; firm; sticky; many, thin and medi- 
um, very dark grayish-brown (2.5Y 3/2) and dark 
grayish-brown (2.5Y 4/2) clay films on faces of peds; 
few, fine, dark-colored concretions; about 5 percent 
coarse fragments; medium acid; gradual, wavy 
boundary. 

B8tg—24 to 36 inches, grayish-brown (2.5Y 5/2) heavy fine 
sandy loam; common, medium, distinct, yellowish- 
brown (10YR 5/6) mottles; weak, fine and medium, 
subangular blocky structure; friable; few, thin, very 
dark grayish-brown (2.5Y 3/2) clay films on faces of 
peds; about 5 percent coarse fragments; slightly 
acid; abrupt, wavy boundary. 

C—36 to 60 inches, light olive-brown (2.5Y 5/4) heavy fine 
sandy loam; many, medium, distinct, yellowish-brown 
(10YR 5/6) mottles; massive; friable; many lime 
threads; strongly effervescent; mildly alkaline. 


Тһе А1 horizon is black or very dark gray and 1 to 4 inches 
thick. The A2 horizon is 4 to 11 inches thick and is gray or 
grayish brown to dark grayish brown or dark gray in color. 
The A horizon is loam, sandy loam, fine sandy loam, or silt 
loam. The B horizon is loam, heavy sandy loam, heavy fine 
Sandy loam, clay loam, or sandy clay loam and typically has 
colors of dark grayish brown, grayish brown, olive brown, 
and olive. Depth to lime in the C horizon ranges from 20 to 
44 inches but typically is 28 to 40 inches. 

Shooker soils are associated with Nebish and Beltrami 
soils. They differ from those soils in being more poorly 
drained and in having grayer colors in most of the B horizon. 
They differ from the similar Tonka soils in having a thinner 
Al horizon and less clay in the B horizon. 


Shooker loam (0 to 1 percent slopes) (Sh].— This soil 
occurs on the till plains and morainie uplands in shallow 
draws and on level flats. It is among areas of well drained 
Nebish soils and moderately well drained Beltrami soils. 

Included in mapping were small areas of Beltrami 
soils. Also included were areas of soils that have a sandy 
loam surface laver. ` 

This poorly drained soil requires additional drainage. 
Open ditches provide adequate drainage in most years. 
This soil is suited to all erops commonly grown in the 
county. The main management needs are drainage and 
maintenance of fertility and tilth. (Capability unit 
Пу-1; woodland suitability group 4) 


Sinai Series 


The Sinai series consists of deep, moderately well 
drained, nearly level to undulating soils. These soils 
formed under grasses in calcareous, silty clay or clay 
glacial lacustrine material. | 

Tn a representative profile, the surface layer is black 
clay about 22 inches thick. The subsoil is dark grayish- 
brown clay about 4 inches thiek. The underlying ша- 
terial is olive-gray clay. " . 

Sinai soils have high natural fertility and organic- 
matter content. The available water capacity is low to 
medium. Permeability is very slow. Reaction of the sur- 
face layer 15 neutra]. . 

Unless a high level of organic matter is maintained 
and good management is used to prevent excessive com- 
paction, Sinai soils are difficult to work. 

Representative profile of Sinai clay, 2 to 6 percent 
slopes, in a cultivated field where the slope is 4 percent, 
580 feet west and 90 feet north of the northeast corner, 
SEY, sec. 32, T. 129 N., R. 39 W. 

Ар-9 to 6 inches, black (М 2/0) clay; moderate; very fine, 
granular structure; sticky; few roots; neutral; 
abrupt, smooth boundary. 

A11— to 14 inches, black (N 2/0) clay; moderate, very fine, 
granular structure; sticky ; few roots; neutral; clear, 
wavy boundary. 

А12—14 to 22 inches, Маек (5Y 2/1) clay; strong, fine and 
medium, subangular blocky structure; sticky; neu- 
tral; gradual, wavy boundary. 

B2—22 to 26 inches, dark grayish-brown (2.5Y 4/2) clay; 
strong, fine and medium, subangular blocky struc- 
ture; sticky; mildly alkaline; clear, wavy boundary. 

C—26 to 60 inches, olive-gray (БҮ 5/2) «ау; moderate, fine, 
subangular blocky structure; sticky; strongly effer- 
vescent; mildly alkaline. 


The A horizon is silty clay, clay, or silty clay loam. It 
ranges from 16 to 24 inches in thickness. The B horizon is 
silty clay, silty clay loam, or clay. It is typically very dark 
grayish brown, dark grayish brown, olive brown, or light 
olive brown. The structure is moderate to strong, prismatic 
or subangular blocky. Tongues of material from the A horizon 
extend into the B horizon in some areas. Depth to the C 
horizon is 18 to 32 inches. Тһе C horizon is calcareous silty 
clay or clay. 

Sinai soils are associated with Fulda and Dovray soils. 
They are better drained than Dovray and Fulda soils, which 
occur in draws and potholes, and they are browner below the 
A horizon, They have a thinner A horizon than Dovray soils. 

Sinai clay, 0 to 2 percent slopes (SIA).—This soil is 
nearly level. It occurs in scattered areas throughout the 
county adjacent to drainageways and flat hilltops. The 
profile differs from the one described as representative 
for the series in being thicker. 

Included in mapping were small areas of Dovray and 
Fulda soils. Also included were small areas of more 
strongly sloping soils. 

Nearly all the acreage is used for cultivated crops. 
A few areas are in pasture. This soil is suited to all crops 
commonly .grown in the county. This soil is sticky when 
wet and hard when dry. Soil blowing is a hazard on un- 
protected fields during winter and spring. The main 
management needs are practices that control erosion and 
improve fertility and tilth. (Capability unit Пе-8; wood- 
land suitability group 1) 

Sinai clay, 2 to 6 percent slopes (518). —Тһіѕ soil is 
gently sloping and undulating. It has slopes that are 
fairly uniform and 100 to 350 feet long. It lies in areas 
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that break away from nearly level Sinai soils and in 
sloping areas that break away from Fulda or Поугау 
soils. This soil has Ше profile described as representative 
for the series. 

Included in mapping were small areas of Dovray and 
Fulda soils and soils that are lighter colored and are 
caleareous to the surface. Also included were small areas 
of less sloping soils, small areas of more strongly sloping 
soils, and areas that are moderately eroded. 

Nearly all the acreage is used for cultivated crops. 
A few areas are in pasture. This soil is suited to all crops 
commonly grown in the county. This soil is sticky when 
wet and hard when dry. Water runs off at a moderate 
rate, The hazard of erosion is moderate. The main man- 
agement needs are practices that control erosion and im- 
prove fertility and tilth. (Capability unit IIe-3; wood- 
land suitability group 1) 


Sioux Series 


The Sioux series consists of excessively drained, nearly 
level to very steep, sandy soils. These soils formed under 
grasses in areas of stream and glacial outwash. They are 
very shallow to calcareous sand and gravel. They are 
droughty. 

In a representative profile, the surface layer is about 
11 inches thick. The upper 9 inches is very dark brown 
loamy coarse sand, and the lower 2 inches is very dark 
grayish-brown gravelly loamy coarse sand. The under- 
lying material is yellowish-brown gravelly coarse sand. 

Sioux soils have low organic-matter content, very low 
natural fertility, and very low to low available water 
capacity. Permeability is very rapid. Reaction of the 
surface layer is neutral. 

These soils are a good source of gravel. 

Representative profile of Sioux loamy coarse sand, 0 to 
6 percent slopes, in a wildlife area where the slope is 5 
percent, МЕУ МУ: МЕИ sec. 19, T. 130 N., R. 39 W. 


Ар--0 to 9 inches, very dark brown (10YR 2/2) loamy coarse 
Sand; weak, fine, granular structure; very friable; 
plentiful roots ; neutral; abrupt, smooth boundary. 

AC—9 to 11 inches, very dark grayish-brown (10YR 3/2) 
gravelly loamy coarse sand; single grain; 10086: 
many roots; slightly effervescent; neutral; clear, 
smooth boundary. 

IIC—11 to 60 inches, yellowish-brown (10YR 5/6) gravelly 
coarse sand; single grain; loose; strongly efferves- 
cent: mildly alkaline. 


The A horizon has a texture of loamy coarse sand or 
gravelly loamy coarse sand. Its thickness ranges from 4 to 
12 inehes. It is black, very dark brown, very dark grayish 
brown, or very dark gray and neutral to mildly alkaline. The 
content of gravel in the ПС horizon ranges from about 35 to 
60 percent. 

Sioux soils are associated with Arvilla and Dorset soils. 
They differ from these soils in having a thinner solum. 


Sioux loamy coarse sand, 0 to 6 percent slopes 
(SmB).—-This soil is nearly level to undulating. It occurs 
in outwash areas and on uplands. The areas are variable 
in size and shape. Slopes are 50 to 200 feet long. This soil 
has the profile described as representative for the series, 

Included in mapping were small areas of Arvilla soils 
and Sioux gravelly loamy coarse sand. Also included 
were small areas of more strongly sloping soils. 

This soil is used for cultivated crops, pasture, and 


woodland. It is poorly suited to crops commonly grown 
in the county because the hazard of drought is severe. 
There is a hazard of soil blowing on unprotected fields. 
The main management needs are practices that control 
erosion, improve fertility, and conserve moisture. (Capa- 
bility unit IVs-2; woodland suitability group 7) 

Sioux loamy coarse sand, 6 to 12 percent slopes 
(SmC}.—This soil is rolling. It occurs in outwash areas and 
on uplands. The areas are variable in size and shape. 
Slopes are 50 to 200 feet long. The profile differs from 
the one described as representative for the series in being 
more shallow to gravel. 

Included in mapping were small areas of Arvilla soils 
and Sioux gravelly loamy coarse sand. Also included 
were small areas of less sloping soils, small areas.of more 
strongly sloping soils, and areas that are stony on the 
surface. 

This soil is used for cultivated crops, pasture, and 
woodland. It is poorly suited to crops commonly grown 
in the county because the hazard of drought is severe. 
Soil blowing and water erosion are hazards on unpro- 
tected fields. The main management needs are practices 
that control erosion, improve fertility, and conserve 
moisture. (Capability unit IVs-2; woodland suitability 
group 7) 

Sioux gravelly loamy coarse sand, 2 to 12 percent 
slopes (SoC).—This soil is gently sloping to rolling. It 
occurs in outwash areas and on uplands. The areas are 
variable in size and shape. Slopes are 50 to 200 feet long. 
The profile differs from the one described as representa- 
tive for the series in having a surface layer of gravelly 
loamy coarse sand. 

Included in mapping were small areas of Arvilla soils 
and Sioux loamy coarse sand. Also included were small 
areas of less sloping soils, small areas of more strongly 
sloping soils, and areas that are stony on the surface. 

'This soil is used for pasture and woodland. Some areas 
are cropped along with other soils, because these areas 
are too small to manage separately. This soil is suited to 
permanent vegetation. The hazard of drought is severe. 
Soil blowing and water erosion are hazards on unpro- 
tected fields. The main management needs are practices 
that control erosion, improve fertility, and conserve 
moisture. (Capability unit VIs-1; woodland suitability 
group 7) 

Sioux gravelly loamy eoarse sand, 12 to 35 percent 
slopes (SoE).—This soil is hilly to very steep. It occurs in 
outwash and morainic upland areas. The areas are Iir- 
regular in size and shape. They are cut up by many 
drainageways. Slopes are 80 to 250 feet long. The profile 
differs from the one described as representative for the 
series in having a surface layer of gravelly loamy coarse 
sand. 

Included in mapping were small areas of Sioux loamy 
coarse sand and areas where there are many surface 
stones. 

Most areas are in permanent vegetation. Plants do not 
grow well. because of very low available water capacity. 
The hazards of 801] blowing and water erosion are severe. 
The main management needs are practices that control 
erosion and conserve moisture. (Capability unit VIIs-1; 
woodland suitability group 7) 
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Sverdrup Series 


The Sverdrup series consists of deep, somewhat ex- 
cessively drained, nearly level to rolling soils. These soils 
formed under grass vegetation. 

In a representative profile. the surface layer is black 
sandy loam about 8 inches thick. The subsoil is about 12 
inches thick. The upper 6 inches is brown sandy loam, 
and the lower 6 inches is dark yellowish-brown loamy 
coarse sand. The underlying material is brown, yellow- 
ish-brown, and pale-brown sand. 

Sverdrup soils have low to medium available water 
capacity, medium to high natural fertility, and medium to 
high organic-matter content. Permeability is moderately 
rapid in the sandy loam and rapid in the sand. Reaction 
of the surface layer is neutral. 

Sverdrup soils are droughy and consequently are bet- 
ter suited to crops that mature early and have low 
moisture requirements than to other crops. 

Representative profile of Sverdrup sandy loam, 0 to 2 
percent slopes, where the slope is 1 percent, 840 feet east: 
and 180 feet south of the northwest corner, NEV, sec. 14, 
T. 197 N., R. 37 W. 


Ар--0 to 8 inches, black (10YR 2/1) sandy loam ; weak, very 
fine, granular structure; very friable; few roots; few 
bleached sand grains; neutral; abrupt, smooth 
boundary. 

B21—8 to 14 inches, brown (10YR 4/3) sandy loam; weak, 
medium, subangular blocky structure; very friable; 
very few roots; neutral; clear, wavy boundary. 

B22—14 to 20 inches, dark yellowish-brown (10YR 3/4) 
loamy coarse sand; weak, medium, subangular blocky 
structure; very friable; very few roots; neutral; 
clear, wavy boundary. 

፲፲(፡1---20 to 25 inches, brown (10YR 4/3) sand; single grain; 
loose; neutral; abrupt, wavy boundary. 

11С2--25 to 31 inches, yellowish-brown (10YR 5/4) sand; 
single grain; loose; slightly effervescent; mildly 
alkaline; gradual, wavy boundary. 

IIC8—31 to 60 inches, pale-brown (10YR 6/3) sand; single 
grain; loose; strongly effervescent; mildly alkaline. 


The A horizon is black or very dark brown and 8 to 14 
inches thick. The B horizon is dark brown, brown. or dark 
yellowish brown. It ranges from sandy loam or loam in the 
upper part to loamy fine sand, loamy sand, or loamy coarse 
sand in the lower part. It is neutral to slightly acid. Depth 
to the ПС horizon ranges from 16 to 22 inches, Depth to 
lime ranges from 20 to 40 inches. 

Sverdrup sandy loam, thick solum, has a thicker sandy 
loam or loam B horizon and has the IIC horizon at a depth of 
22 to 36 inches. This soil is outside the defined range of the 
series because of these features, but these differences do not 
alter its usefulness or behavior. 

Sverdrup soils are associated with Clontarf, Dassel, Mad- 
dock, and Arvilla soils. They differ from Clontarf nnd Dassel 
soils in being better drained and in having a browner B 
horizon and from Arvilla soils in being underlain by sand 
instead of by sand and gravel. They differ from Maddock 
soils in containing more clay in the B horizon. 


Sverdrup sandy loam, 0 to 2 percent slopes (SpA).— 
Areas of this soil vary in size and shape. Some of the 
areas are extensive and occur on broad outwash plains. 
This soil has the profile described as representative for 
the series. 

Included in mapping were small areas of Maddock, 
Clontarf, АтуШа, and Dassel soils. Also included were 
small areas of more strongly sloping soils, eroded areas, 
and sandy areas. 

Nearly all this soil is used for cultivated crops. А 


few areas are in pasture. This soil is suited to all crops 
commonly grown in the county. It is better suited to 
early maturing crops than to other crops because of the 
drought hazard. Soil blowing is a hazard on fields left 
unprotected during winter and spring. This soil is suited 
to irrigation, and field crops and vegetables can be irri- 
gated. The main management needs are practices that 
control erosion, conserve moisture, and maintain fertility. 
(Capability unit 1116-4: woodland suitability group 6) 

Sverdrup sandy loam, 2 to 6 percent slopes (SpB).— 
This soil is on the outwash plains along waterways and 
surrounding depressions. The areas vary in size and 
shape. Slopes are fairly uniform and 50 to 150 feet. long. 
The profile differs from the one described as representa- 
tive for the series in being more shallow to sand. 

Included in mapping were small areas of Arvilla, Clon- 
tarf, and Maddock soils. Also included were small areas 
of less sloping soils, small areas of more strongly sloping 
soils, and eroded areas. Other inclusions were areas 
where the surface layer is loam and areas where the 
depth to sand is more than 22 inches. 

Nearly all this soil is used for cultivated crops. A 
few areas are in pasture. All crops common in the county 
can be grown. This soil is better suited to early maturing 
crops than to other crops because of the drought hazard. 
Soil blowing is a hazard on unprotected fields during 
winter and spring. Water erosion is also a hazard. This 
soil is suited to irrigation, and field crops and vegetables 
can be irrigated. The main management needs are prac- 
tiees that control erosion, conserve moisture, and main- 
tain fertility. (Capability unit IIIe-4; woodland suit- 
ability group 6) 

Sverdrup sandy loam, 6 to 12 percent slopes (SpC).— 
This soil is sloping and rolling. It occurs on outwash 
plains and uplands. The areas vary in size and shape; 
some are fairly uniform along waterways and drainage- 
ways and surrounding the sloughs. The profile differs 
from the one described as representative for the series 
in being more shallow to sand. 

Included in mapping were small areas of Arvilla, 
Clontarf, and Maddock soils. Also included were small 
areas of less sloping soils, small areas of more strongly 
sloping soils, and areas that are moderately eroded. 

Nearly all the acreage is used for cultivated crops. 
A few areas are in pasture. All crops common in the 
county can be grown. This soil is better suited to early 
maturing crops than to other crops because of the severe 
drought hazard. Water runs off this soil at а medium to 
rapid rate, and the hazard of erosion is moderately 
severe. There is also a hazard of soil blowing on unpro- 
tected fields. The main management needs are practices 
that control erosion, improve fertility, and conserve 
moisture. (Capability unit IVe-2; woodland suitability 
group 6) 

Sverdrup loam, thick solum, 0 to 3 percent slopes 
(SvA).— This soil is оп outwash plains. The areas are vari- 
able in size and shape, and a few areas are quite large. 
The profile differs from the one described as representa- 
tive for the series in being 29 to 36 inches deep to sand. 

Included in mapping were small areas of well drained 
Sverdrup soils, moderately well drained Clontarf soils, 
and poorly drained Dassel soils. Also included were 
small areas of more strongly sloping soils. 
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Nearly all the acreage is used for cultivated crops. A 
few small areas are in pasture. Drought is a hazard dur- 
ing prolonged dry periods. Soil blowing is also a hazard 
on bare fields during winter and spring. This soil is 
suited to irrigation, and field crops and vegetables can 
be irrigated. The main management needs are practices 
that control erosion, improve fertility, and conserve 
moisture. (Capability unit Пе-4; woodland suitability 


group 6) 


Tonka Series 


The Tonka series consists of deep, poorly drained, 
nearly level soils that occur in shallow depressions, drain- 
ageways, and swales. These soils formed under grass 
vegetation in calcareous loam glacial till. 

In a representative profile, the surface layer is black 
loam about 13 inches thick. The subsurface layer is 
grayish-brown loam about 3 inches thick. The subsoil is 
olive-gray clay loam about 21 inches thick. The under- 
lying material is olive-gray loam. 

Tonka soils have medium natural fertility and high 
organic-matter content and high available water capacity. 
Permeability is moderate. Reaction of the surface layer 
is slightly acid. If adequately drained, fertilized, and 
managed, Tonka soils are suited to all crops commonly 
grown in the county. Most of the areas are too small and 
too irregular to be farmed separately. 

Representative profile of Tonka loam, in a nearly level 
cultivated field, 410 feet south and 186 feet west of the 
northeast corner, МҮҮ sec. 11, Т. 128 N., R. 37 W. 


Ар--0 to 8 inches, black (10YR 2/1) loam, dark gray (10YR 
4/1) when dry; weak, fine, granular structure; very 
friable; common roots; slightly acid; abrupt, smooth 
boundary. 

Al 一 8 to 13 inches, black (10YR 2/1) loam; weak, medium, 
granular structure; very friable; few bleached sand 
grains; few spots of grayish-brown (2.5Y 5/2) mate- 
rial; common roots; slightly acid; abrupt, wavy 
boundary. 

A2—13 to 16 inches, grayish-brown (2.5Y 5/2) loam, white 
(10YR 8/1) when dry; few, fine, distinct, light 
olive-brown (2.5Y 5/6) mottles; weak, thick, platy 
structure; friable; common roots; slightly acid; 
clear, wavy boundary. 

B21t—16 to 28 inches, olive-gray (БҮ 4/2) heavy clay loam; 
common, fine, prominent, reddish-brown (5ҮН 4/4) 
mottles; moderate, fine and medium, subangular 
blocky structure; friable; few thin clay films and 
grayish porous coatings on faces of peds; about 2 
percent coarse fragments; common roots; neutral; 
gradual, wavy boundary. 

B22tg—23 to 30 inches, olive-gray (SY 5/2) clay loam; com- 
mon, fine, prominent, dark reddish-brown (5YR 3/4) 
mottles; moderate, fine and medium, subangular 
blocky structure; friable; many, medium, very dark 
brown (10YR 2/2) clay films on faces of peds; about 
4 percent coarse fragments; few roots; neutral; 
gradual, wavy boundary. 

B23tg—30 to 37 inches, olive-gray (SY 5/2) clay loam; com- 
mon, fine, distinct, dark-brown (7.5YR 3/2) mottles; 
moderate, medium, subangular blocky structure: 
firm; common, thin, gray (5Y 5/1) clay films and 
few thin porous coatings on faces of peds; about 
4 percent coarse fragments; few roots; neutral; 
gradual, wavy boundary. 

Cg—37 to 60 inches, olive-gray (БҮ 5/2) loam; many, fine, 
prominent, dark reddish-brown (5YR 3/4) mottles: 
weak, fine, subangular blocky structure; friable; 
few roots; neutral. 


The Ap and А1 horizons are black or very dark gray loam 
or silt loam, They range from 6 to 14 inches in thickness. 
The A2 horizon is 1 to 5 inches thick. It is very dark gray, 
dark gray, dark grayish brown, and grayish brown loam or 
silt loam. The B horizon is 15 to 30 inches thick. It is olive, 
olive gray, dark olive, olive brown, or dark grayish brown 
heavy clay loam, clay loam, or silty clay loam. Clay films 
are thin to thick and patchy to continuous. 

The Tonka soils have a thinner A2 horizon and, in some 
areas, higher color values in the Bt horizon than the range 
defined for the series, but these differences do not alter the 
usefulness and behavior of these soils. 

Tonka soils are associated with Waukon and Gonvick 
soils. They differ from those soils in being more poorly 
drained and in having a grayer B horizon. They have a 
thicker Al horizon and more clay in the B horizon than the 
similar Shooker soils. 


Tonka loam (0 to 1 percent slopes) (To).—This soil is in 
shallow depressions, swales, and drainageways. Most of 
the areas are small in size and irregular in shape. Some 
of the areas hold water for a short time in spring and 
after heavy rains. 

Included in mapping were small areas of Quam and 
Flom soils. Also included were areas of soils that have a 
thicker, darker colored surface layer and some areas 
of soils that are very poorly drained and occur in 
depressions. 

Most areas are used for crops, but a few are in pas- 
ture. If this soil is adequately drained, all crops com- 
monly grown in the county can be grown. Shallow 
surface ditches have been used to drain many areas. The 
main management needs are drainage and maintenance 
or improvement of fertility and tilth. (Capability unit 
IIIw-1; woodland suitability group 4) 


Urness Series 


The Urness series consists of very poorly drained, cal- 
сагеопв, nearly level soils. These soils occur in areas that 
were old lake basins and in circular or oblong sloughs. 
They have a mucky surface layer. They formed in cal- 
careous, silty, postglacial lake sediments. The original 
vegetation consisted of reeds, sedges, cattails, and marsh 
grass. Many areas are still covered by water throughout 
most of the year. 

In a representative profile, the upper 32 inches is black 
and very dark gray mucky silty clay loam. Below this is 
black silty clay loam. 

Urness soils have medium natural fertility, high to 
very high available water capacity, and high organic- 
matter content. Permeability is moderately slow. Reac- 
tion of the surface layer is moderately alkaline. 

If partly drained, Urness soils are used for pasture 
and hay. If they are adequately drained, all crops com- 
mon in the county are raised. 

Representative profile of Urness mucky silty clay loam, 
in a depression, 856 feet east and 97 feet north of the 
southwest corner, ВЕК ЕЛА sec. 11, T. 127 N., R. 40 W. 

Ісор--0 to 9 inches, black (10YR 2/1) coprogenous earth 
(mucky silty clay loam); many, fine, distinet, dark- 
brown (7.5YR 3/2) stains along root channels; 
weak, very fine, granular structure; loose; many 
roots; about 5 percent snail shells and fragments of 
snail shells; strongly effervescent; moderately alka- 
line; abrupt, smooth boundary. 


Lco2—9 to 16 inches, very dark gray (10YR 8/1) coprogenous 
earth (mucky silty clay loam) ; many, fine, distinct, 
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dark-brown (7.5YR 3/2) stains along root channels; 
weak, very fine, granular strueture; loose; common 
roots; about 20 percent snail shells; strongly effer- 
vescent; moderately alkaline; clear, wavy boundary. 
1,с08--16 to 26 inches, Маек (5Y 2/1) coprogenous earth 
(mucky silty clay loam); many, fine, distinct, dark- 
brown (7.5YR 3/2) stains along root channels; 
weak, very fine, granular structure; loose; common 
roots; about 5 percent snail shells; strongly. effer- 
vescent ; moderately alkaline; abrupt, wavy boundary. 

Leo4—26 to 32 inches, Маек (N 2/0) coprogenous earth 
(mucky silty clay loam); many, fine, distinct, dark- 
brown (7.5YR 8/2) stains along root channels; mas- 
sive; slightly sticky; few roots; about 15 percent 
snail shells; strongly effervescent; moderately alka- 
line; gradual, wavy boundary. 

Leo5—32 to 46 inches, Маек (М 2/0) coprogenous earth 
(silty clay loam); massive; slightly sticky; few 
roots; weakly effervescent; moderately alkaline; 
gradual, wavy boundary. 

Leo6—46 to 60 inches, black (БҮ 2/1) coprogenous earth 
(silty clay loam); massive; slightly sticky; about 
10 percent snail shells; strongly effervescent; mod- 
erately alkaline. 


Depth to the underlying mineral substratum is more than 
30 inches but is commonly less than 12 feet. The coprogenous 
earth (Leo horizon) is mucky silt loam or mucky silty clay 
loam іп the upper 4 feet or less and silt loam or silty clay 
loam below that depth. The color of the coprogenous earth 
is commonly black, but very dark gray, dark olive gray, and 
very dark grayish brown are in the color range. The underly- 
ing mineral substratum is commonly loam glacial till or silt 
loam or silty clay loam lacustrine sediment. A thin layer of 
sapric or hemic material up to 14 inches thick is on the sur- 
face in some areas. 

Urness ‘soils are associated with Flom and Quam soils. 
They differ from Flom soils in being more poorly drained. 
They differ from both Flom and Quam soils in having a higher 
content of organic matter, in containing free lime through- 
out, and in containing numerous fragments of snail shells 
throughout the solum. They differ from the similar Urness 
peaty subsoil variant soils in laeking organic soil material 
under the coprogenous earth. 

Urness mucky silty clay loam (0 to 2 percent slopes) 
(Upc).—This soil is in shallow lake basins and potholes. In- 
cluded in mapping were small areas of Vallers and Quam 
soils along the edges of the soil areas. 

This soil is flooded in spring and often throughout the 
entire year. The undrained areas are well suited as wild- 
life habitat. They provide nesting, mating, and escape 
cover for waterfowl, furbearers, and upland game. If 
drained, this soil is used for crops, pasture, and hay. 
Open ditches or tile are used for drainage. If adequately 
drained, it is suited to all crops commonly grown in the 
county. Small grains tend to lodge, and corn and soy- 
beans often do not reach maturity. This soil is well 
suited to silage corn, The main management needs are 
maintaining the drainage system, controlling soil blow- 
ing, and maintaining fertility. (Capability unit IITw-1; 
woodland suitability group 8) 


Urness Series, Peaty Subsoil Variant 


The Urness series, peaty subsoil variant, consists of 
very poorly drained soils that formed in a layer of post- 
glacial lake sediment (coprogenous earth) over a layer 
of organic soil material. These soils occur in old lakebeds. 
The vegetation consists of reeds, sedges, and marsh grass. 

In a representative profile, the surface layer is dark 
grayish-brown mucky silt loam about 5 inches thick. The 
subsoil is black, very dark gray, very dark brown, olive, 


and olive-gray mucky silt loam about 37 inches thick. 
The underlying material is black and very dark gray 
mucky peat. 

These soils have low natural fertility, very high avail- 
able water capacity, and high organic-matter content. 
Permeability is moderate above the organic material. 
Reaction of the surface layer is moderately alkaline. 

This soil is used for wildlife habitat. 

Representative profile of Urness mucky silt loam, 
peaty subsoil variant, in the МЕМӘЕИ МУД sec. 22, 
T. 127 N., R. 87 W. 


1,с01--0 to 5 inches, dark grayish-brown (10YR 4/2) coprog- 
enous earth (mucky silt loam); common, fine, dis- 
tinct, olive (5Y 4/4) mottles; weak, fine and very 
fine, granular structure; slightly sticky; strongly 
effervescent; moderately alkaline; abrupt, smooth 
boundary. 

Leo2—5 to 7 inches, black (10YR 2/1) coprogenous earth 
(mucky silt loam); few, fine, distinct, dark-brown 
(7.5YR 4/4) mottles; weak, very fine and fine, gran- 
ular structure; slightly sticky; strongly effervescent ; 
moderately alkaline; abrupt, smooth boundary. 

፲ርዐ8---7 to 9 inches, olive-gray (5Y 4/2) coprogenous earth 
(mucky silt loam), very dark grayish brown (10YR 
3/2) when rubbed; weak, fine and very fine, granular 
structure; slightly sticky; strongly effervescent: 
moderately alkaline; abrup*, smooth boundary. 

Lco4—9 to 12 inches, very dark gray (10YR 3/1) coprogenous 
earth (mueky silt loam) ; weak, fine and very fine, 
granular structure; slightly sticky; strongly effer- 
vescent; moderately alkaline; abrupt, smooth bound- 


ary. 

Ісоб--19 to 15 inches, very dark brown (10YR 3/2) coprog- 
enous earth (mucky silt loam) ; massive; slightly 
sticky; strongly effervescent; moderately alkaline; 
elear, smooth boundary. 

Lco6—15 to 26 inches, very dark gray (10YR 3/1) coprog- 
enous earth (mucky silt loam), very dark grayish 
brown (2.5Y 3/2) when rubbed; massive; slightly 
sticky; few snail shells and ircn coatings; strongly 
effervescent; moderately alkaline; clear, smooth 
boundary. 

፲ሮዐኾ---96 to 30 inches, very dark gray (10YR 3/1) coprog- 
enous earth (mucky silt loam); common, medium, 
distinct, olive (БҮ 4/8) mottles; massive; slightly 
sticky; few snail shells; strongly effervescent; mod- 
erately alkaline; clear, smooth boundary. 

Ісо8--30 to 34 inches, olive (5Y 4/4) and dark olive-gray 
(5ኛ 8/9) coprogenous earth (mucky silt loam): 
few, fine, distinct, gray (5Y 5/1) mottles; massive; 
slightly sticky; few snail shells; strongly efferves- 
cent; moderately alkaline; clear, smooth boundary. 

109—384 to 42 inches, very dark gray (10YR 3/1) coprog- 
enous earth (mucky silt loam); common, medium. 
distinct, dark yellowish-brown (10YR 4/4) mottles; 
massive; slightly sticky; slightly effervescent in 
places; mildly alkaline; clear, smooth boundary. 

Oe1—42 to 52 inches, very dark gray (10YR 3/1, broken 
face) hemie material, black (10YR 2/1) when 
rubbed; about 35 percent fiber, about 20 percent 
rubbed; massive;  nonsticky  herbaceous fiber; 
strongly effervescent; mildly alkaline; clear, smooth 
boundary. 

Oe2—52 to 74 inches, black (10YR 2/1) hemic material. 
dark-brown (T.5YR 3/2) fibers; about 40 percent 
fiber, about 15 percent rubbed; neutral. 


The coprogenous earth material ranges from 24 to 50 inches 
in thickness. The underlying organic soil material is typically 
hemie, but in some profiles it is fibric ог заргіс or consists of 
strata of those three kinds of organic soil material À min- 
eral substratum typically is within a depth of 20 feet. 

Soils of the Urness series, peaty subsoil variant, differ 
from other Urness soils in being underlain by organic 
material. 
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Urness mucky silt loam, peaty subsoil variant (0 to 
1 percent slopes) (Us).—This soil occurs in a large, wet 
lake basin. It has been partly drained. Included in map- 
ping were a few small, noncaleareous areas and a few 
areas that have a surface layer of muck or mucky peat. 

This bog is covered with reeds, grasses, sedges, and, in 
a few spots, trees and willows. It provides some food and 
cover for furbearers and upland game. (Capability unit 
IVw-2; woodland suitability group 8) 


Vallers Series 


The Vallers series consists of caleareous, poorly 
drained, nearly level soils. These soils formed under 
grasses in loam glacial till. 

In a representative profile, the surface layer is moder- 
ately alkaline clay loam about 11 inches thick. The upper 
part is black, and the lower part is very dark gray. The 
underlying material is dark-gray clay loam in the upper 
5 inches and gray, light olive-gray, and olive-gray loam 
below. 

Vallers soils have high available water capacity and 
organic-matter content and medium natural fertility. 
Permeability is moderate. Reaction of the surface layer 
is moderately alkaline. I 

ТЕ the soils receive good management, corrective fertil- 
ization, and adequate drainage, all crops that are com- 
mon in the county grow well. 

Representative profile of Vallers clay loam, 0 to 3 per- 
cent slopes, in a wildlife area where the slope is nearly 
level, 308 feet west and 11 feet north of the southeast 


corner, SW1,SEY, sec. 95, T. 197 N., R. 40 W. 


Ар--0 to 6 inches, black (10YR 2/1) clay loam; weak, fine, 
granular structure; friable; about 4 percent coarse 
fragments; strongly effervescent; moderately alka- 
line; abrupt, smootn boundary. 

АЗса--6 to 11 inches, very dark gray (10YR 3/1) clay loam; 

^ weak, fine. granular structure; friable; about 4 per- 
cent coarse fragments; strongly effervescent; mod- 
erately alkaline; clear, wavy boundary. 

Сісар--11 to 16 inches, dark-gray (2.5Y 4/1) clay loam; 
weak, fine, subangular blocky structure; friable; 
about 4 percent coarse fragments; strongly effer- 
vescent; moderately alkaline; clear, wavy boundary. 

C2cag—16 to 20 inches, gray (БҮ 5/1) loam; few, fine, faint, 
olive (5Y 5/6) mottles; weak, fine, subangular 
blocky structure; friable; about 4 percent coarse 
fragments; strongly effervescent; moderately alka- 
line; clear, wavy boundary. 

C3g—20 to 32 inches, light olive-gray (БҮ 6/2) loam; com- 
mon, fine, distinet, light olive-brown (2.5Y 5/6) 
mottles; weak, fine, subangular blocky structure; 
friable; about 4 percent coarse fragmenís; strongly 
effervescent; moderately alkaline; gradual, wavy 
boundary. 

C4g—32 to 60 inches, olive-gray (БҮ 5/2) loam; many, me- 
dium, prominent, yellowish-brown (10YR 5/6) mot- 
tles; weak, fine, subangular blocky structure; 
friable; about 4 percent coarse fragments; strongly 
effervescent; moderately alkaline. 


The А horizon is loam, clay loam, silt loam, or silty clay 
loam. The Cea horizon is dark gray, gray, olive gray, and 
light olive gray and ranges from clay loam or loam to light 
silty clay loam in texture. 


Vallers soils are associated with Aastad, Barnes, Flom, 
and Quam soils. They differ from those soils in having a 
caleareous А horizon. They are more poorly drained than 
Barnes and Aastad soils, 
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Vallers clay loam, 0 to 3 percent slopes (VaA).—This 
soil occurs around the edges of depressions and in drain- 
ageways on the till plains and morainic uplands. The 
areas are variable in size and shape. 

Included in mapping were small areas of Flom and 
Quam soils, а few areas in which the profile contains 
gravel bands, and areas of more strongly sloping soils. 
Álso included were areas where the soil profile has less 
mottling and a few areas of soil that lacks a distinct hori- 
zon of lime accumulation. 

If this soil is adequately drained, it is suited to all 
crops commonly grown in the county. Drainage can be 
improved with open ditches or tile. The nutrient imbal- 
ance can be improved by proper fertilization. The main 
management needs are practices that improve the drain- 
age and improve tilth and fertility. (Capability unit 
IIw-3; woodland suitability group 5) 


Waukon Series 


The Waukon series consists of deep, well-drained, 
undulating to steep soils. These soils formed under mixed 
grasses and trees in calcareous, loam glacial till. 

In a representative prpfile, the surface layer is black 
loam about 6 inches thic t (fig. 10), The subsurface layer 
is discontinuous. very dark gray loam about 3 inches 
thick. The subsoil is brown and light olive-brown sandy 
loam and sandy clay loam about 15 inches thick. The 
underlying material is light olive-brown sandy loam. 

Waukon soils have high natural fertility, available 
water capacity, and organic-matter content, Permeability 
is moderate. Reaction of the surface layer is neutral. 

Waukon: soils are used for crops, pasture, 
woodland. 

Representative profile of Waukon loam, 2 to 6 percent 
slopes, in an area where the slope is 4 percent, 782 feet 
west and 97 feet south of northeast corner, sec. 14, T. 180 
Х. R. 37 W. 

А1-4 to 6 inches, black (10YR 2/1) loam, dark gray (10YR 
4/1) when dry; weak, very fine, granular structure; 


friable; about 5 percent coarse fragments; neutral; 
abrupt, wavy boundary, 


and 


т ፪ 
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Figure 10.—Profile of Waukon loam, 2 to 6 percent slopes, eroded, 

showing the thin, dark-colored surface layer. The darker area 

at a depth of 2 feet is the lower limit of the subsoil, showing a 
wavy boundary. 
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A2—6 to 9 inches, discontinuous horizon of very dark gray 
(10YR 3/1) loam, gray (10YR 6/1) when dry; 
weak, fine and very fine, granular structure; friable; 
about 5 percent coarse fragments; neutral; abrupt, 
wavy boundary. 

B1—9 to 14 inches, brown (10YR 4/3) sandy loam; moderate, 
fine and medium, subangular blocky structure; fri- 
able; many, medium, porous coatings on faces of 
peds; about 5 percent coarse fragments; neutral; 
clear, wavy boundary. 

B2t—14 to 21 inches, brown (10YR 4/3) sandy clay loam; 
moderate, fine and medium, subangular blocky struc- 
ture; friable; many, thick, very dark grayish-brown 
(10YR 3/2) clay films on faces of peds; about 5 per- 
cent eoarse fragments; mildly alkaline; clear, wavy 
boundary. 

B3t—21 to 24 inches, light olive-brown (2.5Y 5/4) and brown 
(10YR 4/3) sandy loam; weak, fine and medium, 
subangular blocky strueture; friable; few very dark 
brown (10YR 2/2) clay films in old root channels: 
about 5 percent coarse fragments; slightly effer- 
vescent; mildly alkaline; clear, wavy boundary. 

C—24 to 60 inches, light olive-brown (2.5Y 5/4) sandy loam; 
weak, fine and medium, subangular blocky structure ; 
friable; few light-gray (10YR 7/1) lime segrega- 
tions; about 5 percent coarse fragments; strongly 
effervescent; moderately alkaline. 


The A horizon is 4 to 10 inches thick and is black, very 
dark gray, or very dark brown. The texture typically is loam 
but includes silt loam, sandy loam, and clay loam. The A2 
horizon is commonly lacking in cultivated areas. The B1 and 
B2 horizons range-from sandy loam or sandy clay loam to 
clay loam or loam in texture and from brown or dark brown 
to dark yellowish brown in color. The B3 horizon is olive 
brown. light olive brown, or dark yellowish brown and is 
typically loam or sandy loam, but clay loam and sandy clay 
loam are in the range. The B horizon ranges from weak to 
strong, subangular blocky structure. In a few areas the 
primary structure is prismatic, and the secondary structure 
is subangular blocky. The clay films range from thin to thick 
and from few to many. Depth to the C horizon ranges from 
18 to 40 inches. The C horizon is loam or sandy loam. 

Waukon soils are associated with Flom, Gonvick, and 
Quam soils. They are better drained and have brighter 
colors below the A horizon than these soils. 


Waukon loam, 2 to 6 percent slopes (WcB).— This un- 
dulating soil occurs on the till plains and morainic 
uplands. The areas vary in size and shape. The slopes 
are irregular and complex and 80 to 200 feet long. This 
soil has the profile described as representative for the 
series. 

Included in mapping were small areas of Gonvick, 
Flom, and Quam soils. Also included were small areas 
of more strongly sloping soils, small areas of less slop- 
ing soils, and eroded areas. 

This soil is used for cultivated crops, woodland, and 

asture. This soil is suited to all crops commonly grown 
in the county. Water runs off at a medium rate. The 
hazard of erosion is moderate. The main management 
needs are practices that control erosion, Improve fertility 
and tilth, and conserve moisture. (Capability unit Пе-1; 
woodland suitability group 1) 

Waukon loam, 2 to 6 percent slopes, eroded (WaB2).— 
This soil is undulating and moderately eroded. The areas 
vary in size and shape. Slopes are irregular and complex 
and 80 to 200 feet long. The profile differs from the one 
described as representative for the series in being more 
shallow. Tillage and the removal of trees have mixed 
material from the subsoil with the original surface layer. 
As a result, the surface layer is browner and less friable 
and contains less organic matter. 
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Included in mapping were small areas of Langhei, 
Gonvick, Flom, and Quam soils. Also included were 
small areas of less sloping soils, of more strongly sloping 
soils, and of gravel. 

This soil is used for crops, and a few small areas are 
in pasture. This soil is suited to all crops commonly 
grown in the county. Water runs off at a medium rate. 
The hazard of erosion is moderate. The main manage- 
ment needs are practices that control erosion, improve 
fertility and tilth, and conserve moisture. (Capability 
unit Пе-1; woodland suitability group 1) 

Waukon loam, 6 to 12 percent slopes (WaC).—This 
rolling soil occurs on the till plains and morainic 
uplands. Areas vary in size and shape. Slopes are irregu- 
lar and complex and 80 to 200 feet long. The profile 
differs from the one described as representative for the 
series in being more shallow. 

Included in mapping were small areas of Langhei, 
Gonvick, Flom, and Quam soils. Also included were 
small areas of less sloping soils, small areas of more 
strongly sloping soils, eroded areas, and gravelly areas. 

This soil is used for cultivated crops, woodland, and 
pasture. It is suited to all crops commonly grown in the 
county. Water runs off at a medium to rapid rate. The 
hazard of erosion is moderately severe. The main man- 
agement needs are practices that control erosion, improve 
fertility and tilth, and conserve moisture. (Capability 
unit IlIe-1; woodland suitability group 1) 

Waukon loam, 6 to 12 percent slopes, eroded (WaC2).— 
This rolling soil осешв in areas that vary in size and 
shape. Slopes are irregular and complex and are 80 to 
200 feet long. This soil is moderately eroded. Its profile 
differs from the one described as representative for the 
series in being thinner. Tillage and the removal of trees 
have mixed material from the subsoil with the original 
surface layer. As a result, the present surface layer is 
browner and less friable and contains less organic matter. 

Included in mapping were small areas of Langhei, 
Gonvick, Flom, and Quam soils. Also included were 
small areas of less sloping soils, small areas of more 
strongly sloping soils, and areas where there are surface 
stones. 

'[his soil is used for crops, and a few areas are in pas- 
ture. It is suited to all crops commonly grown in the 
county. Water runs off at а medium to rapid rate. The 
hazard of erosion is moderately severe. The main man- 
agement needs are practices that control erosion, improve 
fertility and tilth, and conserve moisture. (Capability 
unit, 1116-1; woodland suitability group 1) 

Waukon loam, 12 to 18 percent slopes (WaD).—This 
soil is hilly. It occurs on the till plains and morainic 
uplands. The areas vary in size and shape. Slopes are 
irregular and complex and 80 to 250 feet long. This soil 
occurs along drainageways and around sloughs. The pro- 
file differs from the one described as representative for 
the series in being thinner. 

Included in mapping were small areas of Langhei, 
Gonvick, Flom, and Quam soils. Also included were small 
areas of more strongly sloping soils, small areas of less 
sloping soils, eroded areas, and areas where there are 
surface stones. 

This soil is used for cultivated crops, woodland, and 
pasture. It is suited to all crops commonly grown in the 
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county. Water runs off at а rapid rate. The hazard of 
erosion is severe. The main management needs are ргас- 
tices that control erosion, improve fertility and tilth, 
and conserve moisture. (Capability unit IVe-1; wood- 
land suitability group 1) 

Waukon loam, 12 to 18 percent slopes, eroded 
(WaD2).—This soil is hilly and moderately eroded. The 
areas vary in size and shape. The slopes are irregular and 
complex and 80 to 200 feet long. This soil occurs along 
drainageways and waterways and around sloughs. The 
profile differs from the one described as representative 
for the series in being thinner. Tillage and the removal 
of trees have mixed material from the subsoil with the 
original surface layer. Ав a result, the present surface 
layer is browner and less friable and contains less organie 
matter. 

Included in mapping were small areas of Langhei, 
Gonviek, and Darnen soils. Also included were small 
areas of less sloping soils, small areas of strongly slop- 
ing soils, and areas where there are surface stones. 

This soil is used for erops, and a few areas are used 
for pasture. This soil is suited to all erops commonly 
grown in the county. Water runs off at a rapid rate. The 
hazard of erosion is severe. The main management needs 
are practices that control erosion, improve fertility and 
tilth, and conserve moisture. (Capability unit IVe-1; 
woodland suitability group 1) 

Waukon loam, 18 to 24 percent slopes (WaE]).— This 
soil oecurs along draws and waterways and around 
sloughs or lakes on morainic uplands. The areas vary in 
size and shape. Slopes are irregular, commonly cut up 
by draws, and 100 to 250 feet long. The profile differs 
from the one described as representative for the series 
in being thinner. 

Included in mapping were small areas of Langhei, 
Gonviek, and Darnen soils. Also included were small 
areas of less sloping soils, small areas of more strongly 
sloping soils, eroded areas, and areas where there are 
surface stones. 

This soil is used for woodland and pasture. À few 
areas are used for crops. Water runs off very rapidly. 
The hazard of erosion 1s very severe. The main manage- 
ment needs are practices that control erosion and 
conserve moisture. (Capability unit Vie-1; woodland 
suitability group 1) 

Waukon clay loam, 2 to 6 percent slopes (WcB).—This 
soil is undulating. It occurs on the morainic uplands. 
The areas vary in size and shape. Slopes are irregular 
and complex and 80 to 200 feet long. The profile differs 
from the one described as representative for the series 
in having a clay loam surface layer and subsoil. 

Included in mapping were small areas of Gonvick, 
Flom, and Quam soils. Also included were small areas 
of more strongly sloping soils, small areas of less slop- 
ing soils, and moderately eroded areas. 

This soil is used for crops, woodland, and pasture. It 
is suited to all crops commonly grown in the county. 
Water runs off at a medium rate. The hazard of erosion 
is moderate. The main management needs are practices 
that control erosion, improve fertility and tilth, and con- 
serve moisture. (Capability unit Пе-1; woodland suit- 
ability group 1) 

Waukon clay loam, 6 to 12 percent slopes, eroded 
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(WcC2).—This soil is rolling. It occurs on the morainic up- 
lands. The areas vary in size and shape. Slopes are 
irregular and complex and 80 to 200 feet long. The pro- 
file differs from the one described as representative for 
the series in having a clay loam surface layer and 
subsoil. 

Included in mapping were small areas of Gonvick, 
Flom, and Quam soils. Also included were small areas 
of more strongly sloping soils, small areas of less sloping 
soils, and moderately eroded areas of Waukon ‘soil. 

This soil is used for crops, woodland, and pasture. 
This soil is suited to all crops commonly grown in the 
county. Water runs off at a medium rate. The hazard of 
erosion is moderate. The main management needs are 
practices that control erosion, improve fertility and 
tilth, and conserve moisture. (Capability unit Ше-1; 
woodland suitability group 1) 

Waukon-Langhei loams, 2 to 6 percent slopes, eroded 
(WIB2).—The soils in this complex are undulating. The 
areas vary in size and shape. Slopes are complex, may be 
concave or convex, and are 50 to 200 feet long. Waukon 
soil makes up 70 to 80 percent of each area and is on the 
more uniform parts of the side slopes. Langhei soil makes 
up 20 to 30 percent of each area and is on the more 
exposed knobs, knolls, and ridges. The surface layer of 
the Langhei soil is lighter colored than that of the 
Waukon soil. These soils occur in such an intricate pat- 
tern that it is not practical to map them separately. They 
are moderately eroded, and the present surface layer is 
a mixture of the original surface layer and moderate 
amounts of material from the subsoil. 

Included in mapping were small areas of Gonvick, 
Flom, and Vallers soils. Also included were small areas 
of more strongly sloping soils, small areas of less sloping 
soils, some gravelly areas, and areas where there are 
surface stones. Also included were some areas that are 
only slightly eroded. 

This complex is used for cultivated crops, pasture, and 
woodland. It is suited to all crops commonly grown in 
the county. The Langhei soil is less well suited to crops 
than the Waukon soil because of a nutrient imbalance 
caused by their high content of lime. Surface runoff is 
medium. The hazard of erosion is moderate. The main 
management needs are practices that control erosion, 
improve fertility and tilth, and conserve moisture. 
(Capability unit Пе-1; Waukon part in woodland suit- 
ability group 1; Langhei part in woodland suitability 
group 2) 

Waukon-Langhei loams, 6 to 12 percent slopes, eroded 
(WIC2).—The soils in this complex are rolling. The areas 
vary in size and shape. Slopes are complex, may be con- 
cave or convex, and are 50 to 200 feet long. Waukon soil 
makes up 50 10 `70 percent of each area and is on the 
more uniform parts of the side slopes. Langhei soil makes 
up 30 to 50 percent of each area and is on the more 
exposed knobs, knolls, and ridges. The Langhei soil has 
a lighter colored surface layer than the Waukon soil. 
The soils i» this complex are moderately eroded, and 
the present surface layer is a mixture of the original 
surface layer with moderate amounts of material from 
the subsoil. These soils occur in such an intricate pattern 
that it is not practieal to map them separately. 

Included in mapping were small areas of Gonvick, 


46 SOIL SURVEY 


Darnen, Flom, and Vallers soils. Also included were 
small areas of more strongly sloping soils, small areas of 
less sloping soils, gravelly areas, and areas where there 
are surface stones. Also included were areas that are 
only slightly eroded. 

These soils are used for cultivated crops, pasture, and 
woodland. They are suited to all crops commonly grown 
in the county. The Langhei soil is less well suited to 
erops than the Waukon soil because of a nutrient imbal- 
ance caused by the high content of lime. Surface runoff 
is medium to rapid. The hazard of erosion is moderately 
severe. The main management needs are practices that 
control erosion, improve fertility and tilth, and conserve 
moisture. (Capability unit Ille-i; Waukon part in 
woodland suitability group 1; Langhei part in woodland 
suitability group 2) 

Waukon-Langhei-Sioux complex, 2 to 6 percent 
slopes, eroded (WsB2).—The soils in this complex are un- 
dulating. The areas vary in size and shape. Slopes are 
irregular and complex and 75 to 250 feet long. Waukon 
loam makes up 40 to 60 percent of each area; Langhei 
loam, 20 to 30 percent; and Sioux loamy coarse sand, 
20 to 30 percent. The Sioux soil makes up the gravelly 
areas, the Langhei soil makes up the light-gray areas on 
the exposed knobs and knolls, and the Waukon soil makes 
up the dark-gray to black areas on the smooth parts of 
the side slopes. The soils in this complex are moderately 
eroded, and the present surface layer is a mixture of the 
original surface layer with moderate amounts of mate- 
rial from the subsoil. These soils occur in such an 
intricate pattern that it is not practical to map them 
separately. . 

Ineluded in mapping were small areas of Gonvick, 
Flom, and Quam soils. Also included were small areas 
of less sloping soils and small areas of more strongly 
sloping soils. Also included were areas that are only 
slightly eroded, and areas where there are many surface 
stones. 

These soils are used for crops, woodland, and pasture. 
They are suited to all crops commonly grown in the 
county. The Sioux soil is less well suited to crops than 
the Waukon soil because of drought and lower fertility, 
and the Langhei soil is less well suited because of lower 
fertility. Water runs off at а medium rate. The hazard 
of erosion is moderate. The main management needs are 
practices that control erosion, improve fertility and tilth, 
and conserve moisture. (Capability unit ITIe-1; Waukon 
part in woodland suitability group 1; Langhei part in 
woodland suitability group 2; Sioux part in woodland 
suitability group 7) 

Waukon-Langhei-Sioux complex, 6 to 12 percent 
slopes, eroded (WsC2).—The soils in this complex ате 
rolling. The areas vary in size and shape. Slopes are 
irregular and complex and 75 to 250 feet long. Waukon 
loam makes up 40 to 60 percent of each area; Langhei 
loam, 30 to 40 percent; and Sioux loamy coarse sand, 20 
to 30 percent. The Sioux soil makes up the gravelly 
areas, the Langhei soil makes up the light-gray areas on 
the exposed knobs and knolls, and the Waukon soil 
makes up the dark-gray to black areas on the smooth 
parts of the side slopes. The soils in this complex are 
moderately eroded, and the present surface layer is а 
mixture of the original surface layer with moderate 


amounts of material from the subsoil. These soils occur 
in such ал intricate pattern that it is not practical to 
map them separately. 

Included in mapping were small areas of Gonvick, 
Flom, and Quam soils. Also included were areas that are 
only slightly eroded and areas where there are many 
surface stones. Also included were small areas of less 
sloping soils and small areas of more strongly sloping 
Soils. 

These soils are used for crops, woodland, and pasture. 
They are suited to all crops commonly grown in the 
county. The Sioux soil is less well suited to crops than 
the Waukon soil because of drought and lower fertility 
and the Langhei soil is less well suited because of lower 
fertility. Water runs off at a medium to rapid rate. The 
hazard of erosion is moderately severe. The main man- 
agement needs are practices that control erosion, improve 
fertility and tilth, and conserve moisture. (Capability 
unit IVe-1; Waukon part in woodland suitability group 
1; Langhei part in woodland suitability group 2; Sioux 
part in woodland suitability group 7) 


Zell Series 


The Zell series consists of deep, well-drained, rolling 
soils. These soils formed under grasses in calcareous, 
silty material. They are free from stones. 

In a representative profile, the surface is black silt 
loam about 7 inches thick. The underlying material is 
light olive-brown and light yellowish-brown silt loam. 

Zell soils have medium natural fertility and organic- 
matter content and very high available water capacity. 
Permeability is moderate. Reaction of the surface layer 
is mildly alkaline. 

These soils can be worked easily and are suited to all 
crops commonly grown in the county. 

Representative profile of a Zell silt loam, in an area 
where the slope is 9 percent, 970 feet east and 30 feet 
north of the southwest corner, SW14 sec. 18, Т. 180 N., 
R. 40 W. 


Ap 0 to 7 inches, Маек (10YR 2/1) silt loam; few in- 
clusions of light olive brown (2.5Y 5/4); weak, fine, 
granular structure; friable; slightly effervescent; 
mildly alkaline; abrupt, smooth boundary. 

Сіса-7 to 18 inches, light olive-brown (2.5Y 5/4) silt loam; 
massive; very friable; strongly effervescent; mildly 
alkaline; gradual, smooth boundary. 

C2—18 to 24 inches, light olive-brown (2.5Y 5/4) silt loam; 
massive; very friable; strongly effervescent; mildly 
alkaline; gradual, smooth boundary. 

С3--24 to 28 inches, light yellowish-brown (2.5Y 6/4) silt 
loam; few, fine, faint, light olive-brown (2.5Y 5/6) 
mottles; massive; very friable; few, medium, dis- 
tinct lime segregations; strongly effervescent; mildly 
alkaline; gradual, smooth boundary. 

С4--28 to 60 inches, light olive-brown (2.5Y 5/4) silt loam; 
common, medium, prominent, yellowish-brown (10YR 
5/6) mottles; massive; very friable; strongly effer- 
vescent; mildly alkaline. 


The А horizon is black or very dark gray and ranges from 
4 to 8 inehes in thickness. The Сіса horizon ranges from dark 
grayish brown to light olive brown. 

Zell soils are associated with Rothsay and Hantho soils. 
'They differ from these soils in lacking a B horizon. They are 
better drained than Hantho soils. They differ from the similar 
Langhei soils in having A and C horizons that contain less 
sand. 
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Zell-Rothsay silt loams, 6 to 12 percent 810968, eroded 
(ZoC2).—The soils in this complex are rolling. The areas 
vary in size and shape. Topography is complex, and the 
slopes are 50 to 950 feet long. Zell soils make up 50 to 70 
percent of each area, and Rothsay soils, 30 to 50 percent. 
The Zell soils are on the knobs, knolls, and ridges. The 
Rothsay soils are on the more uniform parts of the side 
slopes. The soils in this complex are moderately eroded, 
and the present surface layer is a mixture of the original 
surface layer and moderate amounts of material from the 
subsoil. These soils occur in such an intricate pattern 
that it is not practical to map them separately. 

Included in mapping were small areas of more 
strongly sloping soils and small areas of less sloping 
soils. Also included were some areas that are only slightly 
eroded. 

Nearly all the acreage is used for cultivated crops. 
A few areas are used for pasture. These soils are suited 
to all crops commonly grown in the county. The Zell 
soil is less well suited to crops than the Rothsay soil 
because of the nutrient imbalance caused by the high 
content of lime. Surface runoff is medium to rapid. The 
hazard of erosion is moderately severe. The main man- 
agement needs are practices that control erosion, improve 
fertility and tilth, and conserve moisture. (Capability 
unit IIIe-1; Zell part in woodland suitability group 2; 
Rothsay part in woodland suitability group 1) 


Use and Management of the Soils 


This section discusses management of soils used for 
crops. The capability groupings are explained, and the 
soils of the county are grouped according to their suit- 
ability for crops and pasture. Yield predictions are 
given for the common crops. This section also discusses 
use of the soils for woodland and windbreaks, for wild- 
life, and for recreation. Engineering uses are also 
discussed. 


Management of the Soils for Crops 


Douglas County is primarily a dairy area. Many 
farmers raise feeder pigs, and a few raise cattle for beef. 
Corn, soybeans, oats, and alfalfa are the principal crops. 
Small acreages of wheat, barley, flax, and sunflowers are 
also grown. About 64 percent of the county is used for 
crops, and 20 percent is used for pasture. 

Water erosion is a hazard on the sloping soils. To con- 
trol water erosion, it is necessary to reduce runoff and 
increase water intake. Among the measures that help 
to accomplish this are terracing, contour farming, mini- 
mum tillage, mulch tillage, rough tillage, grassed water- 
ways, and proper use of crop residue. А high content of 
organic matter and a high level of fertility Inerease the 
infiltration of water and enable the soil to support crops 
that improve soil structure. 

Soil blowing occurs throughout the county but is less 
serious than the water erosion. It is more serious on the 
sandy soils in the north-central and eastern parts of the 
county than on other soils. Soil blowing in these sandy 
areas can be controlled by stripcropping, rough tillage, 
maintaining a eover of plants or crop residue, wind 


striperopping, and the use of field windbreaks to protect 
exposed areas. Most of the soil blowing occurs during 
winter and spring on bare fields. Fall plowing should 
be left rough, and the crop residue should be exposed to 
protect the soil. 

Wetness is a hazard in most of the level and depres- 
sional areas, which make up about 80 percent of the 
county. Many farmers have installed open ditches to 
remove surface water. Root development is good in soils 
that are adequately drained, because the movement of 
air and water is not restricted. Soils that are adequately 
drained generally warm up earlier in spring. 

Frequent tilling or tilling when the soils are too wet 
or too dry damages the structure of the soils. Frequent 
tillage also makes the surface layer powdery, so that 
water is not absorbed readily. Tilling when the soil does 
not contain the proper amount of moisture also makes 
the surface layer cloddy and unsuitable as a seedbed. 
The soils should be tilled only enough to prepare a good 
seedbed and to control the growth of weeds. Fall plow- 
ing is a common practice. Plowing should be left rough 
to reduce erosion. 

Fertilizer applications are beneficial on most of the 
soils in Douglas County and should be based оп the 
results of soil tests. They also depend upon the kind of 
soil, past management, and the needs of the crop to be 
grown. 


Capability grouping 

Capability grouping shows, in a general way, the suit- 
ability of soils for most kinds of farming. The soils are 
grouped according to their limitations when used for 
field crops, the risk of damage when they are farmed, 
and the way they respond to treatment. The grouping 
does not take into account major and generally expensive 
landforming that would change slope, depth, or other 
characteristics of the soils; does not take into considera- 
tion possible but unlikely major reclamation projects; 
and does not apply to rice, cranberries, horticultural 
crops, or other crops that require special management. 

Those familiar with the capability classification can 
infer from it much about the behavior of soils when used 
for other purposes, but this classification is not a substi- 
tute for interpretations designed to show suitability and 
limitations of groups of soils for forest trees or for 
engineering. 

In the capability system, the kinds of soil are grouped 
at three levels: the capability class, the subclass, and 
the unit. These are discussed in the following paragraphs. 
The capability classification of any soil in the county 
can be learned by referring to the “Guide to Mapping 
Units.” 

Саравилту Crassgs, the broadest groups, are desig- 
nated by Roman numerals I through VIII. The numerals 
indieate progressively greater limitations and narrower 
choices for practical use, defined as follows: 

Class I soils have few limitations that restrict their 
use. 

Class ТТ soils have moderate limitations that reduce 
the choice of plants or that require moderate 
conservation practices. 
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Class ПІ soils have severe limitations that reduce 
the choice of plants, require special conservation 
practices, or both. 

Class IV soils have very severe limitations that 
reduce the choice of plants, require very careful 
management, or both. 

Class V soils are subject to little or no erosion but 
have other limitations, impractical to remove, 
that limit their use largely to pasture, wood- 
land, or wildlife habitat. (There are no class V 
solls in Douglas County.) 

Class VI soils have severe limitations that make 
them generally unsuited to cultivation and limit 
their use largely to pasture, woodland, or wild- 
life habitat. 

Class VII soils have very severe limitations that 
make them unsuited to cultivation and that 
restrict their use largely to pasture, woodland, 
or wildlife habitat. 

Class VIII 8015 and landforms have limitations 
that preclude their use for commercial plants 
and restrict their use to recreation, wildlife 
habitat, water supply, or esthetic purposes. 


CAPABILITY SUBOLASSES are soil groups within one 
class; they are designated by adding a small letter, е, 
w, 8, or o, to the class numeral, for example, IIe. The 
letter е shows that the main limitation is risk of erosion 
unless close-growing plant cover is maintained; w shows 
that water in or on the soil interferes with plant growth 
or cultivation (in some soils the wetness can be partly 
corrected by artificial drainage) ; s shows that the soil is 
limited mainly because it is shallow, droughty, or stony; 
and c, used in only some parts of the United States, 
shows that the chief limitation is climate that is too cold 
or too dry. 

In class I there are no subclasses, because the soils of 
this class have few limitations. Class V can contain, at 
the most, only the subclasses indicated by w, 8, and с, 
because the soils in class V are subject to little or no ero- 
sion, though they have other limitations that restrict 
their use largely to pasture, woodland, wildlife habitat, 
or recreation. 

CAPABILITY Unrrs are soil groups within the subclasses. 
The soils in one capability unit are enough alike to be 
suited to the same crops and pasture plants, to require 
similar management, and to have similar productivity 
and other responses to management. Thus, the capability 
unit is a convenient grouping for making many state- 
ments about management of soils. Capability units are 
generally designated by adding an Arabic numeral to 
the subclass symbol, for example, Пе-1 or IIIe-3. Thus, 
in one symbol, the Roman numeral designates the capa- 
bility class, or degree of limitation; the small letter indi- 
cates the subclass, or kind of limitation, as defined in 
the foregoing paragraph; and the Arabic numeral 
specifically identifies the capability unit within each 
subclass. 

In the following pages the capability units in Douglas 
County are described and suggestions for the use and 
management of the soils are given. 


CAPABILITY UNIT I-1 


This unit consists of moderately well drained to well 
drained, deep, nearly level to gently sloping, medium- 
textured and moderately fine textured soils. These soils 
are in the Aastad, Beltrami, Darnen, Gonvick, Hantho, 
and Nicollet series. 

These soils have medium to high natural fertility, high 
to very high available water capacity, and medium to 
high organic-matter content. The root zone is deep, and 
permeability and infiltration are moderate. 

In fields where these soils are dominant, row crops or 
small grains can be grown most of the time. All crops 
common in the county can be grown. Corn, soybeans, 
oats, and alfalfa are the main crops, but a small acreage 
is used for wheat, barley, and flax. Because of their 
location, some soils in this unit are used for pasture or 
trees. 

In areas where these soils are used mainly for row 
crops, special practices are needed to maintain optimum 
infiltration and permeability. Among such practices are 
keeping tillage to а minimum, tilling the soils only when 
they contain the proper amount of moisture, and man- 
agement of all crop residue. Pastures can be improved by 
fertilizing them properly and by seeding suitable grasses 
and legumes. 

CAPABILITY UNIT Пе-1 

This unit consists of deep, well-drained to somewhat 
excessively drained, undulating soils of the Aastad, 
Barnes, Clarion, Forman, Langhei, Rothsay, and Wau- 
kon series. These soils are medium textured to moder- 
ately fine textured. They are on uplands. 

These soils have medium to high natural fertility; 
Langhei soils have medium natural fertility because of the 
high content of lime, which causes an imbalance of plant 
nutrients. The available water capacity is high to very 
high and organic-matter content is medium to high. The 
root zone is deep. Permeability and infiltration are mod- 
erate to moderately slow. All the soils are slightly to 
moderately eroded. Unless they are properly managed, 
they are subject to further erosion. Erosion is most likely 
to occur late in spring, when the soil is not protected 
from rain. Soil blowing may occur on unprotected fields 
during winter and spring. 

АП suited crops in the county can be grown on these 
soils. Corn, soybeans, oats, and alfalfa are the main 
crops, but small acreages of wheat, barley, and flax are 
also grown. Most areas are cultivated. À few areas are 
in grass and trees. Crop growth varies because of the 
differing surface texture and the varying thickness of 
the surface layer. 

Among the practices that help control runoff and ero- 
sion are contour tillage, contour striperopping, and the 
use of terraces, waterways, minimum tillage, and stubble 
mulching. In areas where contour striperopping or ter- 
racing is impractical, the use of rough tillage, minimum 
tillage, and stubble mulching helps to control erosion. 
Management of crop residue, proper fertilization, and 
adding manure help to maintain organic-matter content 
and tilth. If these fields are fall-plowed, they should be 
left rough, as this helps to control erosion and to catch 
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snow in winter. Under а high level of management, these 
soils can Бе farmed more intensively to row crops. 


CAPABILITY UNIT Пе-2 


This unit consists of deep, well-drained, undulating 
soils of the Nebish series. These soils are on uplands. 

These soils have medium natural fertility, medium to 
high available water capacity, and low to medium 
organic-matter content. The root zone is deep, and perme- 
ability and infiltration are moderate. These soils are 
slightly to moderately eroded. Nebish sandy loam, 2 to 6 
percent slopes, is more susceptible to drought than the 
other Nebish soils because its surface layer and the upper 
part of its subsoil are more sandy. All the soils in this 
capability unit are subject to further erosion, unless they 
are properly managed. 

АЙ crops common in the county can be grown. Corn, 
soybeans, oats, and alfalfa are the main crops. Crop 
growth varies because of the differing surface texture 
and the varying thickness of the surface layer. Many 
areas are in woodland. 

Erosion is the principal hazard. Many areas have com- 
plex or irregular slopes. In such areas, the cropping 
system should consist largely of close-growing crops. 
Among the practices that help control runoff and erosion 
are contour tillage, contour stripcropping, and the use 
of terraces, waterways, minimum tillage, and stubble 
mulching. Management of crop residue, proper fertiliza- 
tion, and adding manure help to maintain organic- 
matter content and tilth, If these fields are fall-plowed, 
they should be left rough, as this helps to control erosion 
and to catch snow in winter. If management is intensive, 
row crops can be grown for more years and meadow for 
fewer years than when management is less intensive. 
Some areas support fairly dense, unmanaged stands of 
hardwoods. Few areas are protected from grazing or fire. 


CAPABILITY UNIT Пе-3 


This unit consists of moderately well drained, nearly 
level, gently sloping or undulating, deep, fine-textured 
soils of the Sinai series. They occur on uplands. 

These soils have high natural fertility, low to medium 
available water capacity, and high organic-matter con- 
tent. The root zone is deep, and permeability and infil- 
tration are very slow. Some areas are slightly eroded. 
All the soils in this capability unit are subject to erosion 
unless they are properly managed. 

All crops common in the county can be grown. Corn, 
oats, soybeans, and alfalfa are the main crops, but small 
acreages of wheat, barley, and flax are also grown. A 
few areas are used for pasture. The pastures should be 
properly fertilized and seeded to suitable grasses and 
legumes. These clayey soils are sticky when wet and 
hard when dry and consequently are difficult to till. 
Because the soils are sticky, the period of time is short 
when the moisture content is right for preparing a good 
seedbed. These soils should be fall-plowed and left rough. 
If the soils are unprotected, the surface will break into 
fine granules that blow early in spring. 

The hazard of further erosion is moderate. Among the 
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practices that help control runoff are contour tillage, 
contour stripcropping, and the use of terraces, water- 
ways, minimum tillage, and stubble mulching. Manage- 
ment of crop residue and adding manure help to 
maintain organic-matter content and tilth. If manage- 
ment is intensive, row crops can be grown for more 
years and meadow for fewer years than when manage- 
ment is less intensive. 


CAPABILITY UNIT Пе-4 


This unit consists of nearly level to undulating, well- 
drained soils of the Arvilla, Dorset, and Sverdrup series. 
All these soils are mapped as thick solum phases. They 
have a medium-textured to moderately coarse textured 
surface layer and subsoil underlain by sand or gravelly 
coarse sand at a depth of 22 to 36 inches. 

These soils have medium to high natural fertility, low 
to medium available water capacity, and medium to high 
organie-matter content. Permeability and infiltration are 
moderate to moderately rapid above the sand and grav- 
elly coarse sand and rapid in the sand and gravelly 
coarse sand. The hazard of erosion is moderate. Soil 
blowing is a hazard on fields left unprotected in winter 
and spring. Droughtiness occurs during prolonged dry 
seasons, 

These soils warm up early in spring, and crops respond 
well to use of irrigation and fertilizer. If adequate mois- 
ture is available throughout the growing season, these 
soils are suited to all crops commonly grown in the 
county. Corn, soybeans, oats, and alfalfa are the main 
crops. Some areas are used for pasture and trees. These 
soils are suited to pasture early in the season, but it 
dries up or does not grow in summer. All the soils in 
this capability unit are suited to trees, but most of the 
wooded areas are not managed for woodland production. 

These soils need to be managed to control erosion and 
conserve moisture. Practices that can be used where 
slopes are suitable are contour farming, contour strip- 
cropping, grassed waterways, and terraces. In the nearly 
level areas, a suitable cropping system, minimum tillage, 
stubble mulching, field shelterbelts, and proper fertiliza- 
tion are needed. During the period between crops the sur- 
face should either be kept rough or be kept under cover 
crops. All crop residue should be returned to the soil. 
All these practices improve the available water capacity 
and control erosion. 


CAPABILITY UNIT IIw-1 


This unit consists of poorly drained, nearly level, 
medium-textured, moderately fine textured, and fine tex- 
tured soils of the Flom, Fulda, and Shooker series. They 
occur in shallow depressions and drainageways through- 
out the county. 

These soils have medium to high natural fertility, 
medium to high available water capacity, and medium 
to high organic-matter content. Permeability and infil- 
tration are moderate, except in the Fulda soil where 
permeability is slow to very slow. The seasonal water 
table is fairly high. 

If these soils are adequately drained and well managed, 
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they are suited to all erops commonly grown in the 
county. Corn, soybeans, oats, and hay are the main crops. 
Many areas are used for permanent pasture. The soils 
are especially well suited to pasture because they hold 
moisture throughout the growing season. 

If these soils are adequately drained and fertilized and 
all crop residue returned, row crops can be grown exten- 
sively. Under a high level of management, row crops can 
be grown continuously on these soils. Practices that 
increase movement of air and water into and through the 
soil and that return large amounts of crop residue are 
needed. Such practices include minimum tillage, timely 
field operations, and management of crop residue. In 
addition, applying manure, growing legumes and grasses, 
and fertilizing properly are ways of maintaining tilth 
and fertility. Keeping the soils in good tilth is impor- 
tant to the maintenance of drainage systems. These soils 
should be fall-plowed to insure a good seedbed in spring. 
If these soils are plowed when they are too wet, clods 
form that are difficult to break, and compaction 15 likely. 

Pasture ean be improved if the soils are drained 
and a suitable grass-legume mixture is seeded. Many 
sites are suitable for stock-watering ponds. 


CAPABILITY UNIT JIw—2 


This unit consists of poorly drained, moderately 
eoarse textured to medium-textured soils of the Forada 
and Marysland series. These soils occur in shallow 
depressions and drainageways and on level to slightly de- 
pressional flats. They are underlain by coarse sand and 
gravelly coarse sand at a depth of 92 to 40 inches. 

These soils have high natural fertility, low to medium 
available water capacity, and high organic-matter con- 
tent. Permeability and infiltration are moderate to mod- 
erately rapid in the upper part and rapid in the coarse 
sand and gravelly coarse sand. The seasonal water table 
determines the depth of the root zone. 

If these soils are adequately drained, all crops com- 
mon in the county can be grown. Corn, soybeans, oats, 
and hay are the main crops. Many areas of these soils 
are used for permanent pasture. 

If these soils are drained and fertilized and if all crop 
residue is returned, row crops or small grains can be 
grown continuously. Practices that increase movement of 
air and water into and through the soil and that return 
large amounts of crop residue are needed. Such ргас- 
tices include minimum tillage, timely field operations, 
and management of all crop residue. In addition, apply- 
ing manure, growing grasses and legumes, and fertilizing 
properly are ways of maintaining tilth and fertility and 
improving drainage. Many areas of these soils have been 
drained by surface ditches. Tile drainage is difficult 
because of the coarse-textured substratum. Plugging with 
sand is a hazard after the tile has been installed. These 
soils are generally fall-plowed. Leaving the surface 
rough and crop residue exposed, stubble mulching, and 
field windbreaks control soil blowing. Pasture can be 
improved if the soils are drained and a suitable grass- 
legume mixture is seeded. 


CAPABILITY UNIT IIw-3 


This unit consists of poorly drained, highly calcareous 
soils of the Colvin and Vallers series. The Colvin soil is 
silt loam, and the Vallers soil is clay loam. 


These soils have medium natural fertility, high to very 
high available water capacity, and high organic-matter 
content. The root zone is limited by depth to the water 
table. Permeability and infiltration are moderate. These 
soils are very high in content of lime, which causes a 
nutrient imbalance. 

If these soils are properly drained and well managed, 
they are well suited to most crops commonly grown in 
the county. Corn, oats, soybeans, and hay are the main 
crops grown, but small acreages of wheat, barley, and 
flax are also grown. Many areas are used for permanent 
pasture. 

If these soils are adequately drained and fertilized and 
if all crop residue is returned, row crops can be grown 
extensively. Practices that increase movement of air and 
water into and through the soil and that return large 
amounts of crop residue are needed. Such practices 
include minimum tillage, timely field operations, and 
management of all сгор residue. In addition, applying 
manure, growing legumes and grasses, and fertilizing 
properly are ways of maintaining tilth and fertility and 
improving drainage. Drainage through open ditches 
removes surface water early and permits eropping of the 
soil. Tile is needed to provide optimum drainage, lower 
the water table, and thus provide an adequate root zone. 
These soils should be fall-plowed to insure a good seed- 
bed in spring. Pasture can be improved if the soils are 
drained and seeded to a proper grass-legume mixture. 


CAPABILITY UNIT Ше-1 


This unit consists of well-drained to somewhat exces- 
sively drained, undulating to rolling, slightly eroded to 
moderately eroded soils of the Barnes, Clarion, Forman, 
Langhei, Rothsay, Sioux, Waukon, and Zell series. These 
soils are medium textured to moderately fine textured. 
The small areas of droughty Sioux soils were included 
because they occur in complex with Waukon and Langhei 
soils, These areas are not large enough to warrant a sepa- 
rate discussion. 

These soils have medium to high natural fertility, 
medium to very high available water capacity, and me- 
dium to high organic-matter content. The root zone is 
deep, and permeability and infiltration are moderate, 
except i the Forman soil, where permeability and infil- 
(ration are moderately slow, These soils are slightly 
eroded to moderately eroded. The hazard of additional 
erosion is moderately severe. Erosion is most likely late 
in spring and early іп summér, when the soils are not 
protected from rain. 

All crops common in the county can be grown. Corn, 
oats, soybeans, and alfalfa are the main crops, but small 
acreages of flax, barley, and wheat are also grown. Some 
areas are used for permanent pasture or woodland. 

'To protect these soils from runoff and erosion, the 
eropping system should include a large proportion of 
grasses and legumes. Contour striperopping | (fig. 11) in 
many places, terraces, contour tillage, waterways; mini- 
mum tillage, and stubble mulching can be used to control 
erosion. On soils not terraced or stripcropped, row crops 
can also be plow planted. Returning crop residue, fertil- 
izing properly, and adding manure help to maintain 
organic-matter content and tilth. Pasture can be im- 
proved by applying fertilizer and by seeding desirable 
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Figure 11.—Contour stripcropping on Barnes Joam, 6 to 12 percent 
slopes, eroded. 


forage plants. The wooded areas are generally not man- 
aged, and stands are poor. Crop growth varies because 
of the differing surface texture and the varying thick- 
ness of the surface layer. 


CAPABILITY UNIT Ше-2 


This unit consists of deep, well-drained, slightly to 
moderately eroded, rolling soils of the Nebish series. 

These soils have medium natural fertility, medium to 
high available water capacity, and low to medium 
organic-matter content. 'The root zone 1s deep, and perme- 
ability and infiltration are moderate. Nebish sandy loam 
is more susceptible to drought than the other Nebish 
soils because its surface layer and the upper part of its 
subsoil are more sandy. All the soils in this capability 
unit are subject to further erosion unless they are prop- 
erly managed. 

АП crops common in the county can be grown. Corn, 
soybeans, oats, and alfalfa are the main crops. Crop 
growth varies because of the differing surface texture 
and the varying thickness of the surface layer. Many 
areas are in woodland. 

Erosion is the principal hazard. Many areas have com- 
plex or irregular slopes. In such areas, the cropping 
system should consist largely of close-growing crops. 
Among the ргас сев that help control runoff and erosion 
are contour tillage, contour stripcropping, and the use 
of terraces, waterways, minimum tillage, and stubble 
mulching. Management of crop residue, proper fertiliza- 
tion, and adding manure help to maintain organic-matter 
content and tilth. If these fields are fall-plowed, they 
should be left rough, as this helps to control erosion and 
to catch snow in winter. If management is intensive, 
soils in this unit can be used for row crops for more 
years and as meadow for fewer years than when manage- 
ment is less intensive. 


CAPABILITY UNIT IIIe-3 


This unit consists of nearly level to rolling, moder- 
ately well drained to somewhat excessively drained soils 
of the Arvilla, Dorset, Nebish, and Osakis series. Most 
soils of this capability unit have a medium-textured or 
moderately coarse textured surface layer and subsoil 


underlain by gravelly coarse sand at а depth of 12 to 22 
inches, but the Nebish soil is underlain by loam. 1 

Їл most areas, these soils have low to medium natural 
fertility, low available water capacity, and low to me- 
dium organic-matter content. Permeability and infiltra- 
tion are moderately rapid above the gravelly coarse sand 
and rapid in the gravelly coarse sand. The hazard of 
erosion is moderate. These soils warm up early in spring. 
They are easy to till, риб most areas are droughty and 
are subject to erosion. 

These soils are suited to all crops grown in the county, 
but early maturing crops make better use of the limited 
moisture content than other crops. Some areas are used 
for pasture or woodland. These soils are suited to pas- 
ture early in the season, but the pasture dries up or does 
not grow in summer. All the soils in this capability unit 
are suited to trees, but most of the wooded areas are not 
managed for woodland production. 

These soils need to be managed to control erosion and 
conserve moisture. Practices that can be used if the slope 
is suitable are contour farming, contour stripcropping, 
grassed waterways, and terraces. Managing all crop resi- 
due and adding manure help to maintain organic-matter 
content, fertility, and tilth and control erosion. Plowing 
in spring, minimum tillage, stubble mulching, and wheel 
track planting are desirable practices that help to con- 
trol erosion. Crops respond well to the use of irrigation 
and fertilizer. 


CAPABILITY UNIT Ше-4 


This unit consists of moderately well drained to some- 
what excessively drained, nearly level to gently sloping 
soils of the Clontarf and Sverdrup series. These soils 
have a sandy loam surface layer and a sandy loam and 
loamy sand subsoil They are underlain by sand at а 
depth of 19 to 22 inches. 

These soils have medium natural fertility, low avail- 
able water capacity, and medium organie-matter content. 
Тізе root zone is deep, and permeability and infiltration 
are moderately rapid in the upper part of the profile 
and rapid beneath. The hazard of erosion is moderate. 
These soils warm up early in spring. They are easy to 
till, but are droughty. 

These soils are suited to all crops grown in the county, 
but early maturing crops make better use of the limited 
moisture content than other crops. Corn, soybeans, oats, 
and alfalfa are the main crops. Some areas are used for 
pasture or woodland. These soils are suited to pasture 
early in the season, but pasture dries up or does not grow 
in làte summer. Most of the wooded areas are not man- 
aged for woodland production. 

Crops respond well to irrigation. These soils need to 
be managed to control erosion and conserve moisture. 
The surface layer erodes easily, and plowing therefore 
should be done іш spring. A suitable cropping system, 
minimum tillage (fig. 12), stubble mulching, and proper 
fertilization are heeded--Puring the period between crops 
the surface should either be kept rough or be kept under 
cover crops, and all crop residue should be returned to 
the soil. All these practices improve the supply of mois- 
ture and control erosion. Contour stripcropping and field 
shelterbelts also help to control erosion and to conserve 


moisture. 
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Figure 12.—Minimum tillage on Sverdrup sandy loam, 0 to 2 per- 
cent slopes. Soil has been planted and crop residue left on the 
surface, 


CAPABILITY UNIT 111н-1 


This unit consists of poorly drained and very poorly 
drained soils of the Colvin, Dovray, Quam, Tonka, and 
Urness series. These soils occur in depressions and 
drainageways. : 

These soils have medium to high natural fertility, 
medium to very high available water capacity, and high 
organic-matter content. The root zone is determined by 
the depth to the water table. Permeability and infiltra- 
tion are moderate in Tonka and Colvin soils, moderately 
slow in Quam and Urness soils, and very slow in Dovray 
soils. 

If these soils are adequately drained and fertilized, 
corn, soybeans, and hay can be grown. Small grains can 
be grown, but lodging 1s generally а serious problem. 
These soils generally are not suited to alfalfa, but if they 
are adequately drained, red clover, alsike clover, ladino 
clover, bromegrass, and timothy сап be grown. Some 
areas are in permanent pasture. Undrained areas provide 
excellent habitat for wild game. 

Excess water severely limits the use of these soils. 
Drainage is necessary before these soils can be used for 
crops. In areas where large amounts of water must be 
removed, open ditehes generally are used to provide 
drainage. These soils generally are farmed along with 
the surrounding soils in the field. If the areas are large 
enough and are farmed separately, row crops can be 
grown continuously. Tillage must be kept to a minimum 
and must be done only within a narrow range of mois- 
ture content, All crop residue should be returned to the 
soil. This practice, along with proper fertilization, helps 
to maintain organic-matter content and tilth. Undrained 
areas generally are marshy and are seasonally ponded. 
They can be improved for wildlife habitat by use of 
shallow pits and ditches. All of the soils in thig-eapabil- 
ity unit are good sites for stock-watering ponds| (fig. 13). 


CAPABILITY UNIT IIIw-2 


This unit consists of poorly drained and very poorly 
drained soils of the Arveson, Forada, and Marysland 
series and Lake beaches, loamy. The soils occur in drain- 
ageways, shallow depressions, and potholes, and lake 
beaches, loamy, occurs along lakes. They are underlain 


by fine sand to gravelly coarse sand at a depth of 22 to 40 
inches. 

These soils have medium to high natural fertility, low 
to medium available water capacity, and high organic- 
matter content. Arveson and Marysland soils are high 
in content of lime. Permeability and infiltration are mod- 
erate to moderately rapid in the upper part of the profile 
and rapid in the sand. The depth to the seasonal water 


table determines the depth of the root zone. Water is 


commonly ponded on Forada and Marysland soils in 
spring and occasionally ponded throughout the year. 

Excess water limits the use of these soils. Some of the 
areas have been drained by surface ditches. Tile drainage 
is diffieult because of the coarse-textured underlying 
material Plugging with sand is a hazard after the tile 
has been installed. 

If these soils are adequately drained, all crops com- 
mon in the eounty can be grown. Corn, soybeans, oats, 
and hay are the main crops. Generally, undrained areas 
of these soils are marshy and seasonally ponded. Many 
areas of these soils are used for permanent pasture. Pas- 
ture can be improved if the soils are drained and а 
proper grass-legume mixture is seeded. These soils are 
generally farmed along with the surrounding soils in 
the field. Tillage should be kept to à minimum and should 
be done only within a narrow range of moisture content. 
Crop residue should be returned to the soil. This prac- 
tice, along with proper fertilization, helps to maintain 
the organic-matter content and the tilth. 


CAPABILITY UNIT IVe-1 


This unit consists of deep, well-drained to somewhat 
excessively drained, hilly soils of the Barnes, Dorset, 
Langhei, Nebish, Sioux, and Waukon series. Small areas 
of droughty Dorset and Sioux soils were included 
because they occur in complexes with other soils in this 
capability unit. These areas are not large enough to war- 
rant a separate discussion. 

These soils have medium to high natural fertility, 
medium to high available water capacity, and low to 
high organie-matter content. Langhei soils have medium 
natural fertility because their high content of lime causes 
an imbalance of plant nutrients. The root zone is deep, 
and permeability and infiltration are moderate. These 
soils are slightly eroded to moderately eroded. All the 


Figure 13.—Stock watering pit on Quam mucky silty clay loam. 
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soils in this capability unit are subject to further ero- 
sion unless they are properly managed. If these soils are 
cultivated, the hazard of further erosion is severe. 

If proper management practices are used, these soils 
are suited to occasional cultivation. Corn can be grown 
if erosion is controlled. These soils are better suited to 
livestock raising than to other farm uses. The raising of 
livestock requires a large amount of forage. Among the 
practices that help control runoff and erosion are contour 
tillage, contour stripcropping, waterways, minimum till- 
age, and mulch tillage. Managing crop residue, fertilizing 
properly, and adding manure help to maintain the 
organic-matter content and Ше tilth. In many places 
slopes are short and irregular, and contour striperopping 
or contour farming is impractical. In these places it is 
difficult to protect the soil from erosion, and row crops 
should not be grown. 

Many areas are in permanent pasture or are wooded. 
These soils provide good pasture if they are fertilized 
properly and if proper legumes and grasses, such as 
bromegrass and alfalfa, are grown. 


CAPABILITY UNIT IVe-2 


This unit consists of sloping or rolling, somewhat 
excessively drained soils of the Arvilla, Dorset, and 
Sverdrup series. The soils of this capability unit have a 
medium-textured to moderately coarse textured surface 
layer and subsoil They are underlain by sand and grav- 
elly coarse sand at a depth of 12 to 22 inches, except for 
Sverdrup soils, which are underlain by sand. 

These soils have low to medium natural fertility, low 
available water capacity, and low to medium organic- 
matter content. The root zone is shallow to deep, and 
permeability and infiltration are moderately rapid to the 
sand and gravelly coarse sand and rapid in the sand and 
gravelly coarse sand. The hazard of erosion is severe. 
These soils warm up early in spring and are easy to till. 

Use of these soils is severely restricted because they 
are droughty and are subject to erosion. Soils in this 
unit can be cultivated occasionally, but practices that 
control further erosion are needed. 

These soils should be managed to control erosion and 
conserve moisture. They should be plowed in spring. 
Managing crop residue and applying manure improve 
fertility, increase the supply of moisture, and control 
erosion. Minimum tillage, stubble mulching, wheel track 
planting, contour farming, and contour stripcropping 
help to control erosion and conserve moisture. In many 
places the soils have slopes that are too uneven or too 
irregular for the growing of row crops and for the use 
of practices that protect soils from erosion. 

Some areas are used for pasture and woodland. Pas- 
ture on these soils is fairly good early in spring, but the 
soils are droughty and little forage 1s produced in sum- 
mer. Some areas of the Dorset soil are poorly suited 
because they are partly wooded or brushy. 


CAPABILITY UNIT ГУв-1 


This unit consists of well-drained, nearly level, gently 
sloping and undulating soils of the Maddock and Nymore 
series. These soils have a surface layer and subsoil of 
loamy sand or fine sand and are underlain by sand at a 
depth of 6 to 20 inches. 


These soils have low natural fertility, low available 
water capacity, and low to medium organic-matter con- 
tent. Permeability and infiltration are rapid. 

'These soils warm up early in spring and are easy to 
till. The hazard of drought is very severe, and the haz- 
ard of erosion is severe. The supply of nutrients is low. 

Soils in this capability unit are better suited to small 
grains, hay, and early-maturing crops than to other 
crops. 

They need to be managed to control erosion and соп- 
serve moisture. АП tillage should be done in spring. Any 
eropping system used on these soils should provide year- 
round cover. Managing crop residue and applying ma- 
nure improve fertility and the supply of moisture and 
control erosion. Minimum tillage, wind stripcropping, 
field shelterbelts, stubble mulching, wheel-track planting, 
and contour striperopping help to control erosion and 
conserve moisture. Terracing 15 not suitable on these 
sandy soils. Gullies should be shaped and seeded to grass 
that is suitable for use in waterways. 

'These soils make poor permanent pasture because it 
is diffieult to maintain a good sod on them. More forage 
is produced on pastures that consist of alfalfa and brome- 
grass than on pastures that consist of bluegrass. 


CAPABILITY UNIT IVs-2 


This unit consists of excessively drained, nearly level, 
undulating or rolling soils of the Sioux series. These 
soils have less than 12 inches of loamy coarse sand over 
the gravelly coarse sand underlying material. 

These soils have very low natural fertility, very low 
to low available water capacity, and low organic-matter 
content. The root zone is very shallow, and permeability 
and infiltration are very rapid. Some of the areas are 
moderately eroded. These soils warm up early in spring 
and are easy to till. In some areas surface stones Inter- 
fere with tillage operations. The hazard of drought is 
very severe, and the hazard of erosion is severe. The 
supply of nutrients is very low. 

Soils in this capability unit are better suited to small 
grains, hay, and early maturing crops than to other crops. 

These soils need to be managed to control erosion and 
conserve moisture. All tillage should be done in spring. 
Any cropping system used on these soils should provide 
year-round cover. Managing crop residue and applying 
manure improve fertility and the supply of moisture and 
control erosion. Minimum tillage, wind stripcropping, 
field shelterbelts, stubble mulching, wheel track planting, 
and contour striperopping help to control erosion and 
conserve moisture. These soils are generally shallow over 
gravelly coarse sand and terracing is not suitable. 

These soils make poor permanent pasture because a 
good sod is difficult to maintain on them. More forage is 
produced on pastures that consist of alfalfa and brome- 
grass than on pastures that consist of bluegrass. 


CAPABILITY UNIT IVw-1 

This unit consists of poorly drained and very poorly 

drained, nearly level to depressional soils of the Dassel 

and Hangaard series. They are underlain by sand or 
gravelly coarse sand at a depth of 12 to 24 inches. 

These soils have low to high natural fertility, low 

available water capacity, and medium to high organic- 
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matter content. Permeability and infiltration are moder- 
ately rapid in the upper part and rapid in the sand. 
Depth to the seasonal water table determines depth of the 
root zone. 

Many areas have been drained by surface ditches. ЇЇ 
adequately drained and fertilized, these soils can be used 
to grow corn, oats, soybeans, and hay. If undrained, these 
80115 generally are covered with water in spring. They 
are generally covered with aquatic grasses, sedges, reeds, 
and willows. 

Many areas аге used for permanent pasture. Pasture 
can be improved if these soils are drained and seeded to 
a suitable grass-legume mixture. 


CAPABILITY UNIT IVw-2 


This unit consists of very poorly drained, organic soils 
of the Brophy, Carlos, Cathro, Millerville, Rifle, and 
Seelyeville series and the Cathro series, sandy subsoil 
variant, and the Urness series, peaty subsoil variant. 
These soils occur in small and large potholes, shallow 
lakes, and drainageways throughout the county. These 
soils formed in an accumulation of reeds, sedges, cattails, 
and mosses, 

The organie material in the Cathro soil and the sandy 
subsoil variant of Cathro soils is 16 to 51 inches thick. 
In the Brophy, Carlos, Millerville, Rifle, and Seelyeville 
soils it is 16 to more than 120 inches thick. The sandy 
subsoil variant of Cathro soils is underlain by gravelly 
sand within a depth of 51 inches, and the Cathro soil is 
underlain by medium-textured or moderately fine tex- 
tured material within a depth of 51 inches. The peaty 
subsoil variant of Urness soil consists of silt loam under- 
lain by organice material at a depth of 24 to 48 inches. 

Natural fertility varies but generally is low, and the 
available water capacity 15 high to very high. The soils 
are subject w soil blowing. Erosion is more severe in the 
large areas than in the other areas. 

These soils are used for hay, pasture, crops, and wild- 
life habitat. If drained, they are suited to corn grown 
for silage, oats, and suitable forage mixtures for hay and 
pasture. À large acreage is in hay and pasture. Un- 
drained areas provide habitat for wild game. 

The major limitations are poor drainage and low fer- 
tility. These soils are also susceptible to fire and frost. 
They are subject to soil blowing. The pasture can be 
improved by working the soil when it is dry and then 
fertilizing and seeding the areas to proper grasses. Тор- 
dressing with fertilizer improves the quality and palata- 
bility of the grass. Many areas сап be improved for 
waterfowl and other wild game by constructing shallow 
pits or ditches] (fig. 14) that provide open water. 


CAPABILITY UNIT VlIe-1 


This unit consists of deep, somewhat excessively 
drained and well-drained, hilly and steep soils of the 
Langhei, Nebish, Sioux, and Waukon soils. Small areas 
of droughty Sioux soils were included because they were 
mapped in а complex with Langhei and Waukon soils, 
but these areas are too small to warrant a separate 
discussion. 

These soils have medium to high natural fertility, high 
available water capacity, and medium to high organic- 
matter content. The root zone is deep, and permeability 
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Figure 14.—Wildlife improvements made by blasting Seelyeville 
muck with ammonium nitrate. 


and infiltration are moderate. These soils are slightly 
eroded to moderately eroded. 

These soils are not suitable for crops because of the 
steepness of slope and the very severe hazard of erosion. 
They are better suited to hay, pasture, woodland, or 
wildlife habitat than to other uses. Some of the soils 
have been cultivated. 

Areas now in permanent pasture or woodland should 
be maintained, and areas now in crops should be put 
into permanent vegetation. Pasture or hay meadows can 
be improved by renovating and reseeding them. This can 
be done by digging, disking, or otherwise killing the 
plants in the old sod, but a cover of residue must be left 
on the surface. Gullies should be shaped and seeded to 
grass that is suitable for use in waterways. 


CAPABILITY UNIT VIs-1 


This unit consists of well-drained and excessively 
drained, undulating to rolling soils of the Maddock, 
Nymore, and Sioux series. 

These soils have low to very low natural fertility and 
available water capacity and low to medium organic- 
matter content. The root zone is very deep in the soils 
that are underlain by sand and very shallow in the 
soils that are underlain by gravelly coarse sand. Perme- 
ability and infiltration are rapid to very rapid. 

These soils are suitable for hay, pasture, woodland, 
and wildlife habitat. They are too droughty and erodible 
for cultivated crops. In some places soils that are farmed 
should be put into permanent vegetation. 

If these soils are used for pasture or hay, good man- 
agement is needed to maintain the sod. These soils can 
provide fair pasture early in spring and late in fall. 
Pastures can be renovated when necessary by plowing or 
digging in spring, then fertilizing and seeding to a nurse 
crop and suitable grasses and legumes. Gullies should be 
shaped and seeded to grass that is suitable for use in 
waterways. 


CAPABILITY UNIT Vlw-i 

This unit consists of Alluvial land and Lake beaches, 
sandy. These land types are poorly drained. Alluvial 
land із variable in texture, but generally it is loamy and 
has sand layers in the profile. It is commonly eut up by 
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stream meanders, and in places there are small sandy 
areas. Lake beaches, sandy, are sandy throughout. 
These land types are not suited to crops, because most 
areas are too wet or are subject to flooding. They are 
suited to permanent vegetation. If they are used for 
pasture, it is important to control the weeds and brush. 


CAPABILITY UNIT VHe-1 


This unit consists of Langhei loam, 18 to 40 percent 
slopes. It is a deep, somewhat excessively drained, 
medium-textured, steep and very steep soil on uplands. 

This soil has medium natural fertility, high available 
water capacity, and medium organic-matter content. 
Permeability and infiltration are moderate, but because 
runoff is very rapid, the amount of water that enters the 
soil is much reduced. The hazard of erosion 1s very severe. 

This soil is not suited to cultivated crops, and areas 
now in crops should be put into permanent vegetation. 
If this soil is used for pasture, a good cover of plants 
should be maintained for control of erosion. Care should 
be taken to prevent overgrazing, which creates an ero- 
sion hazard. This soil is suited to trees and to use as 
wildlife habitat. Areas now in permanent pasture ог 
woodland should be maintained. Gullies should be shaped 
and seeded to grass for use as waterways. Trees can be 
planted to improve woodland or to reforest areas that 
have been pastured. 


CAPABILITY UNIT VIIs-1 


'This unit consists of Sioux gravelly loamy coarse sand, 
12 to 35 percent slopes. It 15 an excessively drained, hilly 
to very steep soil. The surface layer generally is gravelly 
loamy coarse sand underlain by gravelly coarse sand 
within a depth of 12 inches. 

This soil has very low natural fertility, very low avail- 
able water capacity, and low organic-matter content. In 
some places there are large stones and boulders. Drought 
and the hazard of erosion severely limit the use of the 
soil. 

This soil is too droughty for crops, and maintaining 
a good vegetative caver is difficult if the soil is used for 
pasture or hay (fig. 15). he areas are suited to woodland 
or wildlife habitat. 
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CAPABILITY UNIT VHIw-1 

'This capability unit consists of Marsh. This land type 
occurs along the edges of some lakes, ponds, and streams, 
and in depressions. The water level fluctuates, depending 
on the season. The vegetation consists of cattails, rushes, 
sedges, willows, and other water-tolerant plants. Because 
the areas are wet, the soil material has not been identi- 
fied. In places during prolonged dry spells, the edges of 
the marsh can be cut for wild hay. 

Areas of Marsh are unsuited to crops and pasture, but 
provide good habitat for waterfowl, muskrat, mink, and 
upland e The areas can be improved 
for wildlife habitat by providing level ditches, made by 
blasting or digging, to control the level of the water 


(fig. 16, bottom). 
Predicted yields 


In table 2 are predicted yields per acre of the principal 
crops grown in Douglas County under two levels of man- 
agement. This table provides guidelines to crop-yield 
potentials of the various soils in relation to the way in 
which the soils are managed. These yields are based on 
records and observations of the Soil Conservation Serv- 
ice, the Extension Service, and the University of Minne- 
sota, and on interviews with farmers of the county. 


Figure 16.—At top is an area of Marsh that provides waterfowl 
cover; at bottom is an aerial view of an area of Marsh that has 
been improved for wildlife. 


Figure 15.—Unmanaged permanent pasture on Sioux gravelly loamy 
coarse sand, 12 to 35 percent slopes. Stones and sparse vegetation 
in background. 
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TABLE 2.—Predicted yields per acre of the 


[Figures in columns А indicate yields under average management. Figures in columns B indicate yields under 


Corn for grain | Corn for silage Soybeans 
Soil : | 
А B А B À B 
Bu Bu Tons Tons Bu. Bu. 
Aastad clay loam, 1 to 3 percent #ореѕ 2...2. 55 75 11 15 20 30 
FUNIS" ው መ КЕРЛІК ККЕ | Же ረረ... 
Arveson sandy clay loam- ብመ. 30 55 6 11 14 20 
Arvilla sandy loam, 0 to 2 percent slopes uuu 30 50 6 10 12 18 
Arvilla sandy loam, 2 to 6 percent slopes 25 50 5 10 10 16 
Arvilla sandy loam, 6 to 12 percent юре нн 20 40 4 8 8 14 
Arvilla sandy loam, thick solum, 0 to 3 percent slopes... 35 55 7 11 16 22 
Barnes loam, 2 to 6 percent slopes, eroded መ. እእ. 50 70 10 14 20 28 
Barnes loam, 6 to 12 percent slopes, eroded T 
8 
6 
9 


Clarion loam, 6 to 12 percent slopes, eroded- መመመ 40 70 8 14 20 30 
Clontarf sandy loam, 0 to 2 percent slopes መመመ. 35 50 7 10 15 20 
Colvin silt loam. ааа 40 70 8 14 18 | 26 
Colvin silt loam，depressional--- መ እ. 30 60 6 12 15 26 
Darnen loam, 1 to 4 percent slopes መ... 50 75 10 15 25 35 
Dassel sandy loam. 20 85! 4 7 10 15 
Dassel sandy loam, depressional | | Ll cl 111111 11111111 20 35 4 8 8 13 
Dorset sandy loam, 0 to 2 percent slopes-- መመመ መመ. 30 50 6 10 12 18 
Dorset sandy loam, 2 to 6 percent юре. መ 25 45 5 10 10 16 
Dorset sandy loam, 6 to 12 percent юре а 20 40 4 8 8 14 
Dorset sandy loam, thick solum, 0 to 2 percent slopes- .......:. 35 55 7 11 15 21 
Dorset sandy loam, thick solum, 2 to 6 percent slopes... 30 50 | 6 10 13 20 
Dorset sandy loam, thick solum, 6 to 12 percent оре пп 20 40 4 7 12 18 

оутау mucky silty сбЇау.-.------..--------------------------------- 40 70 8 14 16 28 
Flom silty clay ама 50 80 10 16 20 30 
Forada sandy їоаш—-_----.—--.----—---------.--------..-----—---.....- 25 45 5 9 12 15 
Forada loam, depressional_._._.__..-.....---_.._______-___.-_________- 20 45 4 9 10 15 
Forada sandy loam, sandy subsoil. 25 45 5 9 12 15 
Forman clay loam, 6 to 12 percent slopes, eroded_____________...______ 38 | 55 7 11 13 21 
Forman-Aasted clay loams, 1 to 5 percent 80реѕ 2...2... 50 70 10 14 20 30 
Fulda silty Дауни 40 70 8 14 18 28 
Gonvick loam, 1 to 3 percent slopes. 45 65 9 13 18 28 
Hangaard sandy loam 42 aaa 20 30 5 8 10 15 
Hantho silt loam, 1 to 3 percent 81оре8в-..----------------.----------- 50 10 10 14 20 80 


6 

4 
Millerville mucky рейки 10 ТО | аа ли аан 
Nebish sandy loam, 2 to 6 percent slopes 22222222 25 45 5 9 13 16 
Nebish sandy loam, 6 to 12 percent slopes ብ. 20 35 4 7 10 14 
Nebish sandy loam, 12 to 18 percent оре 22222222 20 35 4 4 8 12 
Nebish loam, 2 to 6 percent slopes uuu 35 60 7 12 18 | 22 
Nebish loam, 2 to 6 percent slopes, eroded 2...2... 30 50 6 10 16 20 
Nebish loam, 6 to 12 percent slopes- па 30 50 6 10 16 20 
Nebish loam, 6 to 12 percent slopes, eroded- пп 25 45 5 9 12 | 16 
Nebish loam, 12 to 18 percent slopes uuu 20 35 4 7 8 12 
Nebish loam, 18 to 24 percent slopes መመመ... |.......... |... 1... |... 
Nebish-Dorset complex, 2 to 6 percent slopes. 35 50 7 10 14 20 
Nebish-Dorset complex, 6 to 12 percent slopes. 25 45 5 9 10 16 
Nicollet clay loam, 1 to 4 percent slopes 22222222 55 80 11 16 25 35 

ymore loamy sand, 2 to 6 percent з1орез----.------------------------ 15 25 3 5 9) 9) 


See footnotes at end of table. 


principal crops under two levels of management 


DOUGLAS COUNTY, MINNESOTA 


57 


improved management. Absence of figures indicates Ше сгор is not suited to ог is not commonly grown on the soil specified] 


2, 
2, 
3. 
1. 


нек 
ooon 


125 175 
100 150 
150 200 

50 100 


Oats Wheat Barley Rotation hay! Rotation pasture Permanent pasture 
A B A B A B A B A B А B 
Bu. Bu. Bu. Bu. Bu. Bu. Tona Tons Animal Animal- Animal- Animal- 
ипи-даув? unit-days 2 unit-days? unit-days? 
60 80 25 35 35 50 2.5 4.0 125 200 50 100 


40 90 
35 80 
50 100 
20 40 
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TABLE 2.—Predicted yields per aere of the 


Corn for grain Corn for silage Soybeans 
Soil = 
A B A B A B 
Bu. Bu. Tons Tons Bu. Bu. 
Nymore loamy sand, 6 to 18 percent в1оре8_--.----.--------------------|--------|--------|----------!------------------5------- 
Osakis loam, 0 to З percent slopes-~---------------------------------- 35 50 7 10 | 15 20 
Quam mucky silty clay Oa as saga u aa 40 80 8 16 20 30 
Rifle mucky PEA e ፡ኮ፡፡፡፡ኽ፡”፡፡፡፡፡፡ ን ን ጋ — 10 155 РЕНО сор В 
Rothsay silt loam, 2 to 6 percent slopes------------------------------- 50 70 10 14 20 28 
Declyeville Muck oo. a ህና sassa ашы атта secte анааан аа 10 | 
Shooker gam. ul l uu Luma S сата шош дена Да 40 60 8 12 15 20 
Sinai clay, 0 to 2 percent slopes...._.-.------------------------------ 45 60 9 12 18 26 
Sinai clay, 2 to 6 percent віореѕв seas as ت‎ aa e 40 60 8 12 16 24 
Sioux loamy coarse sand, 0 to 6 percent 81орев—--.--------------------- 20 30 4 6 10 12 
Sioux loamy coarse sand, 6 to 12 percent ві0рев-.-----------------..... 10 20 2 4 8 10 
Sioux gravelly loamy coarse sand, 2 to 12 percent 50ре.-----|------- 44444444 
Sioux gravelly loamy coarse sand, 12 to 35 percent 81оре8-—-------------|--------|------------------]----------.-------|5-----.- 
Sverdrup sandy loam, 0 to 2 percent slopes_.....-.-------------------- 30 40 6 8 10 15 
Sverdrup sandy loam, 2 to 6 percent slopes---------------------------- 25 40 5 8 10 15 
Sverdrup sandy loam, 6 to 12 percent slopes--------------------------- 20 30 4 6 7 12 
Sverdrup loam, thick solum, 0 to 3 percent slopes......-_--------------- 35 45 7 9 12 18 
Tonka Пойа u нн ааа ана a ан ан ው 40 60 8 12 15 20 
Urness mucky silty clay loam...---_-----.-------------------------- 45 70 9 14 20 25 
Urness mucky silt loam, peaty subsoil уагїапбф_—-----------------------|----------------[----------|----------|---------------- 
Vallers clay loam, 0 to З percent 810068 ------------------------------ 50 80 10 16 20 30 
Waukon loam, 2 to 6 percent slopes- --------------------------------- 45 70 9 14 20 26 
Waukon loam, 2 to 6 percent slopes, eroded- -------------------------- 40 60 8 12 15 21 
Waukon loam, 6 to 12 percent 51їоре8—-------------------------------- 40 60 8 12 15 21 
Waukon loam, 6 to 12 percent slopes, eroded. _...--------------------- 35 55 7 11 12 18 
Waukon loam, 12 to 18 percent віорез..-----------------.------------ 35 50 7 10 8 16 
Waukon loam, 12 to 18 percent slopes, егойей—------------------------ 30 45 6 9 6 14 
Waukon loam, 18 to 24 percent Slope 
Waukon clay loam, 2 to 6 percent 8Іорев------------------------------ 40 | 60 8 12 15 21 
Waukon clay loam, 6 to 12 percent slopes, eroded. --------------------- 35 55 7 11 12 18 
Waukon-Langhei loams, 2 to 6 percent slopes, егодей__----------------- 40 60 8 12 18 26 
Waukon-Langhei loams, 6 to 12 percent slopes, eroded------------------ 35 60 7 12 13 20 
Waukon-Langhei-Sioux complex, 2 to 6 percent slopes, eroded... 30 | 50 6 10 15 20 
Waukon-Langhei-Sioux complex, 6 to 12 percent slopes, eroded---------- 20 40 4 8 12 17 
Zell-Rothsay silt loams, 6 to 12 percent slopes, eroded- ----------------- 35 60 | 7 12 13 20 


! Estimates are for alfalfa-brome mixtures. Yields of mixtures of timothy and either red clover or alsike clover are 10 to 25 percent less. 
2 Animal-unit-days is a term used to express the carrying capacity of pasture. It is the number of animal units carried per acre mul- 
tiplied by the number of days the pasture can be grazed during a single grazing season without injury to the sod. An acre of pasture that 
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provides 30 days of grazing for 2 cows has a carrying capacity of 60 animal-unit-days. 
3 Limited acreage grown. 


Oats Wheat Barley Rotation hay! Rotation pasture Permanent pasture 
A B A | B A B А B A B А B 
Bu. Bu. Bu Bu. Ви. Ви. ፲08# Tons Animal- Animal- Animal- Animal- 
unit-days? unit-days? unit-days? unit-days? 
ту ага эшш ከየ. . НЕЕ РЕ ت‎ IE | 40 80 15 

95 50 15 20 18 28 1.5 2.5 | 15 125 25 55 
40 70 20 30 25 35 2.0 4.0 100 200 50 105 
80 51S cH 1.5 2.5 75 125 40 110 
50 70 30 45 35 55 2.5 4.0 125 200 50 110 
20 АО ЕБ ое аа саа 1.5 2. 5 75 125 40 110 
45 70 (9 (9) @) @) 2.0 4.0 100 200 45 100 
45 65 25 | 35 90 45 38 3.5 | 125 175 80 100 
45 65 23 | 55 80 45 35 9.5 | 125 175 50 100 
20 OO ЕРЕСЕН неке кексе кентке 15 2.0 75 100 20 40 
10 0 1.0 15! 50 75 15 80 
二 20 40 
жанан кке athe но шош ашиг л Ер | шы creases жазала ከዮ ፎሮ] Мы э eset д ውምና 15 30 
80 45 15 20 20 30 1.5 2.5 75 125 90 | 50 
80 40 15 20 20 80 1.5 2.5 75 125 25 50 
95 35 10 15 15 25 1.0 2.0 50 100 201 40 
35 45 (9) 0) (8) (8) 2.0 3.0 100 150 30 60 
45 70 25 35 30 50 2.0 4.0 100 200 45 100 
40 60 РЕ ИРЕК КЕНЕ መ ርው 1.0 3.0 50 150 30 115 
50 70 25 35 30 45 2.5 4.0 125 200 45 95 
50 70 25 40 30 50 2,5 4.0 105 200 50 100 
45 65 20 85 25 45 2.0 8.5 | 100 175 45 90 
45 65 20 85 25 45 | 90 3.5 | 100 175 45 90 
40 66 15 30 20 40 2.0 8.0 | 100 150 40 85 
85 50 15 80 20 35 | 2.0 8.0 100 150 85 80 
80 45 | 10 25 15 30 1.5 2.5 75 125 35 80 
— A ያ сар а ек косатын коман Pak 2 1.5! 2.5 15 125 30 70 
45 65 20 95 25 45 20 3.5 100 175 45 90 
40 60 15 30 20 40 1.5 2.0 75 150 40 80 
15 65 | 25 40 30 45 | 2. 5 | 8. 5 125 175 45 100 
40 60 | 20 30 25 40 | 2.0 3.0 100 150 35 80 
35 55 18 33 20 85 | 2.0 8.0 100 150 40 80 
25 45 15 25 15 25 | 15 2.5 75 125 30 60 
40 60 20 30 25 40 | 2.0 | 8.0 100 150 40 80 
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Yields аге not given for сгорв that are not considered 
suitable for а partieular soil. The major crops can be 
grown on such soils, but they are not likely to be suc- 
cessful because the soils are droughty, steep, severely 
eroded, or poorly drained. 

The yield figures represent an average to be expected 
over а period of 10 years. They do not take into account 
past management on а particular farm. Considered in 
making the estimates were the climate, characteristics 
of the soils, and the influence of different kinds of man- 
agement on the soil. Yields from the same soil vary, 
depending on variations in management, weather, crop 
varieties, and plant diseases. 

Crops.—In columns A are yields to be expected under 
average management. The management used to obtain 
these average yields consists of using a planned conserva- 
ton cropping system that is generally followed. Surface 
drainage and internal drainage are improved, but they 
are not adequate. Moderate amounts of fertilizer are 
used on corn and hay. Seedbed preparation is sometimes 
inadequate and sometimes excessive. Weed competition 
and insects are not adequately controlled. Practices are 
used to control erosion. 

Yields in columns B are those expected under im- 
proved management. The requirements of good manage- 
ment vary according to the soil, but. under this level of 
management, crops suited to the soil are grown in a suit- 
able eropping system. Surface and internal drainage pro- 
vide optimum growing conditions. Commercial fertilizers, 
lime, and manure are applied; proper tillage methods 
are used; and all organic matter is returned to the soil. 
Weeds, insects, and plant diseases are adequately con- 
trolled. The productivity and workability of the soil are 
maintained or improved; soil blowing and erosion are 
adequately controlled; and the soil, plant. nutrients, and 
moisture are conserved. 

Pasture.—Under pasture management it is assumed 
that rotation pasture consists of suitable legumes and 
grasses. Permanent pasture, under average management, 
consists principally of native grass. Under improved 
management, in which permanent pasture is renovated 
at intervals, a mixture of suitable grasses and legumes 
is the principal cover. 

In columns A are yields to be expected under average 
management. Under the management used to obtain these 
yields, weeds and brush are partly controlled. Fertilizer 
is not used or is used at infrequent intervals. Grazing is 
delayed in spring, but pastures are frequently overgrazed 
later in the year. Drainage is inadequate. 

. Yields given in columns B are those expected under 
improved management. The management used to obtain 
these yields includes fertilizing according to soil tests 
and the needs of the forage crop. Pastures are properly 
managed, weeds and brush are adequately controlled, and 
drainage is adequate for the forage species being grown. 

The yields given in table 2 are those obtainable using 
present farming practices and varieties of crops. In- 
creased yields per aere can be expected as agricultural 
technology advances. It is also possible that plant diseases 
and pests could cause average yields to be less than those 
predicted here. 


Woodland and Windbreaks ° 


This section gives general facts about trees and shrubs 
that are suggested for use in field windbreaks, farmstead 
windbreaks, and woodland plantings. It shows the prin- 
cipal trees and discusses the soil properties that affect 
the growth of trees. 

The woodlands of Douglag County are interspersed 
with crops and pasture] Figure 17| shows the distribution 
of the original vegetation in the county. In 1964, accord- 
ing to the U.S. Bureau of the Census, 46,000 acres were 
woodland. This acreage is about 11 percent of the land 
now in farms. The woodlands are scattered throughout 
the county and are around lakes and hilly moraines and 
in the northern part of the county. The native species 
are mainly soft maple, hard maple, white oak, red oak, 
bur oak, ironwood, white birch, ash, elm, poplar, bass- 
wood, and spruce. Only small areas of woodland have 
been managed for timber production in the county, but 
plantings, mainly of conifers, have been made. 


Woodland suitability grouping 


The soils of Douglas County have been placed into 
woodland suitability groups for woodland or windbreak 
use, Each group is made up of soils that are suited to the 
same kinds of trees and shrubs and need similar manage- 
ment, Species to plant or to favor in existing stands, 
seedling mortality, plant competition, erosion hazard, 
and equipment limitations are other factors used in 
grouping the soils. 

Seedling mortality refers to the expected loss of natu- 
rally oceurring or planted seedlings as a result of 
unfavorable 8011 characteristics. Mortality is slight if the 
expected loss is less than 95 percent; moderate if the 
expected loss is between 25 and 50 percent; and severe if 
the expected loss is more than 50 percent. 

Plant competition refers to the difficulty in establishing 
desirable tree species and shrubs because of encroachment 
of undesirable vegetation. Competition is slight if com- 
peting vegetation does not cause the seedlings to die or 
restrict their growth; moderate if the plant invaders 
delay but do not prevent the establishment of a normal, 
fully stocked stand; and severe if grass, brush, or unde- 
sirable trees prevent adequate natural regeneration. In 
areas where plant competition is severe, intensive site 
preparation and maintenance are needed. 

The equipment limitations are slight if there are no 
restrictions on the type of equipment or on the time of 
year that the equipment can be used. They are moderate 
if the use of equipment is restricted by slope or by wet- 
ness of soils for no more than 3 months, or if the use of 
equipment damages tree roots to some extent. They are 
severe if normal equipment cannot be used more than 
3 months a year. 

The erosion hazard is the degree of potential loss of 
soil by blowing or through the action of water. Vegeta- 
tive cover, slope, and soil properties are important fac- 
tors. The hazard is slight if erosion is no problem. It is 
moderate if normal measures are needed to prevent 


2 Prepared with the assistance of Joun HULTGREN, woodland 
conservationist, Soil Conservation Service. 
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Figure 17— Original vegetation of Douglas County. Number 1 identifies prairies, marshes, sloughs, and other grasslands where the 


vegetation consisted of Бір bluestem, little bluestem, prairie cordgrass, 
rass, sedges, reeds, and scattered stands of woodland. Number 2 identifies oak groves 


hairy grama, blue grama, leadplant, marshg 


tall dropseed, indiangrass, switchgrass, side-oats grama, 


and oak openings where the vegetation consisted of oaks and some poplar, basswood, hard maple, soft maple, cottonwood, tamarack, 


and spruce. In Spruce Hill Township there were also black spruce, 


balsam fir, white pine, and beaked hazelnut. Number 3 identi- 


fies areas of northern hardwoods where the vegetation consisted mainly of hard maple, white oak, bur oak, ironwood, birch, ash, 
elm, and basswood. 


unnecessary loss of soil. It is severe if special care and 
methods are needed to minimize loss and deterioration of 
шел WOODLAND SUITABILITY GROUP 1 

This group consists of soils of the Aastad, Barnes, 
Beltrami, Clarion, Darnen, Forman, Gonviek, Hantho, 
Nebish, Nicollet, Rothsay, Sinai, and Waukon series. 
These are deep, medium-textured to fine-textured, mod- 
erately well drained to well drained soils. The slopes 
are 1 to 24 percent. 

Natural fertility is medium to high, and the organic- 
matter content is low to high. Reaction is neutral in the 


surface layer and mildly alkaline in the underlying mate- 
rial The available water capacity is medium to very 
high, and permeability is moderate to very slow. 

The Beltrami, Gonvick, Nebish, and Waukon soils 
were originally in woodland that consisted mainly of 
hardwoods. In native stands basswood and red oak should 
be favored for woodland production. These soils are well 
suited to woodland plantings of pine and white spruce. 
An annual yield of 200 to 300 board feet per acre can be 
expected. 

Plant competition is moderate to severe. Site prepara- 
tion and weeding are needed to insure success of 
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plantings. Seedling mortality is slight. The equipment 
limitations and hazard of erosion are slight to severe, 
depending on the slope. Precautions are needed to keep 
equipment from tipping on the steeper soils. Steeper soils 
should be planted by hand. 


WOODLAND SUITABILITY GROUP 2 


This group consists of soils of the Langhei and Zell 
series. These soils are deep, medium-textured, well- 
drained and somewhat excessively drained, high-lime 
soils. Slopes are 2 to 40 percent. 

Natural fertility 1s medium, and the organic-matter 
content is medium. Reaction is mildly alkaline. The 
available water capacity is high to very high. Permeabil- 
ity is moderate. 

The soils in this group have a restricted root zone 
caused by the high content of lime. This excess lime 
affects the growth of trees and shrubs by interfering 
with the uptake of plant nutrients. These soils are poorly 
suited to timber production. The original vegetation was 
native grasses. Woody plantings сап be made for wind- 
breaks, wildlife habitat, and watershed protection. 

On the steep soils the hazard of erosion is severe. Com- 
petition from other plants is moderate to severe. Seedling 
mortality is moderate to severe. The equipment limita- 
tions are slight to severe, depending on the slope. Steeper 
soils should be planted by hand. Work can be done on 
these soils throughout most of the year, except after а 
heavy rain and in spring during and following a thaw. 


WOODLAND SUITABILITY GROUP 3 


This group consists of soils of the Dassel, Forada, and 
Hangaard series and Lake beaches, loamy, and Lake 
beaches, sandy. These soils are moderately coarse tex- 
tured and are 19 to 40 inches deep to sand and gravel 
or sand. They occur in nearly level to depressional areas 
and are poorly drained and very poorly drained. 

Natural fertility is low to high, and the organic-matter 
content 1s medium to high. The available water capacity 
is low to medium. Permeability is rapid in the under- 
lying material. Reaction is slightly acid to neutral. 

The root zone of these soils 1s restricted by the coarse- 
textured underlying material and by depth to the water 
table. Drainage reduces ponding and lowers the water 
table so that trees and shrubs develop a deeper and better 
root system. The native vegetation consisted mainly of 
grasses, sedges, and reeds. 

If these soils are adequately drained, the annual yield 
of timber should be 100 to 300 board feet per acre. Cot- 
tonwood, silver maple, and white pine should be planted 
for woodland production. Plant competition from weeds 
and grasses is severe. Seedling mortality is moderate, 
and equipment limitations are moderate. The hazard of 
erosion is slight. 


WOODLAND SUITABILITY GROUP 4 

This group consists of soils of the Dovray, Flom, 
Fulda, Quam, Shooker, and Tonka series. These are 
poorly drained and very poorly drained, medium- 
textured to fine-textured soils. They occur in depressions, 
draws, waterways, and potholes. 

Natural fertility and the organic-matter content are 
medium to high. The available water capacity is medium 


to high. Permeability is moderate to very slow. Reaction 
is slightly acid to neutral in the surface layer and mildly 
alkaline in the underlying material. 

'The root zone of these soils is limited by depth to the 
water table. If these soils are undrained, the water table 
is at the surface or within 5 feet of the surface in spring. 
Undrained areas or areas that are not protected from 
flooding are covered with water for long periods and are 
too wet to be suitable for trees. 

Cottonwood and silver maple should be planted for 
woodland production. The plant competition from weeds 
and grasses 18 severe, and seedling mortality is moderate 
to severe, Equipment limitations are moderate to severe. 
The hazard of erosion 15 slight. 


WOODLAND SUITABILITY GROUP 5 


This group consists of soils of the Arveson, Colvin, 
Marysland, and Vallers series. These are calcareous, 
poorly drained and very poorly drained soils that have 
a moderately coarse textured to moderately fine textured 
surface layer. The Marysland and Arveson soils are 
underlain by sand or sand and gravel at a depth of 22 to 
40 inches. These soils are nearly level and depressional 
in areas throughout the county. | 

The available water capacity is low to medium in the 
Arveson soils, medium in the Marysland soils, and high 
to very high in the Colvin and Vallers soils. Permeabil- 
ity is moderately slow to rapid. The organic-matter 
content is bigh, and natural fertility is medium to high. 
Reaction is mildly alkaline to moderately alkaline. 

The water table is high. Undrained areas are too wet 
to be suitable for trees. If adequately drained, these soils 
are suited to cottonwoods, and an annual yield ої 150 to 
300 board feet per acre can be expected. 

Seedling mortality is moderate to severe. The excessive 
amount of lime affects the growth of trees and shrubs. 
Plant competition from weeds and grasses is severe. 
Equipment limitations are moderate, and the hazard of 
erosion is slight. 


WOODLAND SUITABILITY GROUP 6 


This group consists of soils of the Arvilla, Clontarf, 
Dorset, Osakis, and Sverdrup series. These are moder- 
ately well drained to somewhat excessively drained soils. 
They are moderately droughty to droughty and have а 
sandy or gravelly substratum at a depth of 12 to 86 
inches. Slopes range from 0 to 19 percent. 

Natural fertility and the organie-matter content are 
low to high. The available water capacity is low to 
medium. Permeability is rapid in the sand and gravel. 
Reaction is slightly acid to neutral. 

Some areas of the Dorset soils are in woodland that 
consists of oaks, maple, ash, poplar, and native pine. 
These soils are better suited to red pine and jack pine, 
and an annual yield of 100 to 200 board feet per acre can 
be expected. 

Seedling mortality is slight to moderate. Plant compe- 
tition from weeds and grasses 18 moderate. Equipment 
limitations and hazard of erosion are slight to moderate, 
depending on the slope. Work can generally be done 
throughout the year, except after a heavy rain and in 
spring during and following snowmelt. 
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WOODLAND SUITABILITY GROUP 7 


This group consists of soils of the Maddock, Nymore, 
and Sioux series. These are droughty soils that have a 
gravelly or sandy substratum within a depth of 6 to 20 
inches. Slopes are 0 to 35 percent. 

Natural fertility is very low to low, and the organic- 
matter content is low to medium. The available water 
capacity is low to very low. Permeability is rapid to very 
rapid. Reaction is slightly acid to mildly alkaline. 

In the northeastern part of the county, mainly in 
Spruce Hill and Miltona Townships, some of the Sioux 
and Nymore soils are in woodland that consiste of oak, 
ash, birch, and pine. Red pine and jack pine are the most 
desirable conifer species for woodland production, and 
annual yields of 50 to 100 board feet per acre can be 
expected. 

Seedling mortality ranges from moderate to severe, 
depending on the moisture available. More than 15 per- 
cent of the planted stock is likely to be lost if a dry 
season follows planting. Pocket gophers may be a prob- 
lem in planted areas. Plant eompetition from weeds and 
grasses 18 slight. The equipment limitations are slight to 
severe, depending on the slope. The hazards of soil blow- 
ing and water erosion are severe. 


WOODLAND SUITABILITY GROUP 8 


This group consists of soils of the Brophy, Carlos, 
Cathro, Millerville, Rifle, Seelyeville, and Urness series 
and Сато series, sandy subsoil variant, Urness series, 
peaty subsoil variant, Alluvial land, and Marsh. 

The seasonal water table is very high. Undrained areas, 
areas that are not protected from flooding, or areas that 
are covered with water for long periods are generally 
not suited to trees or shrubs. Onsite investigations should 
be made to determine suitability of the soils in this wood- 
land suitability group for tree and shrub plantings. 


Windbreaks 


Trees and shrubs are planted extensively for wind- 
breaks in Douglas County. Field windbreaks are neces- 
sary to retard soil blowing, to distribute and control 
snow, and to reduce crop damage and moisture loss. 

Windbreaks are established to reduce soil erosion, 
block out severe winds, improve human comfort, protect 
livestock, control snow drifting, and provide food and 
cover for wildlife. The esthetic value is improved, dust 
and wind damage is reduced, and outdoor activity is 
more enjoyable. 

Suitable trees and shrubs for windbreaks are listed in 
table 3. Each is given one of the following ratings: 
Preferred species are those that are vigorous and healthy, 
have good survival, and are easily managed. Suitable 
Species are those that lack certain qualities required 
for a rating of preferred. Unsuitable species are those 
that normally will not survive without special care or 
treatment. 

Texture, drainage, depth, reaction, stoniness, steepness, 
and aspect are important characteristics that affect sur- 
vival and growth of trees and shrubs. The ratings are 
based largely on the experience and judgment of local 
soil scientists, district conservationists, and foresters. 


Wildlife ° 


'The soils of Douglas County have the potential to pro- 
vide excellent habitat for various species of wildlife. 
Table 4 shows that different soils have different poten- 
tiale for producing various wildlife habitat components. 
In addition, there is a distinct interrelationship between 
different kinds of plants on various soils and the animals 
associated with these plants. For example, the Barnes- 
Langhei soils have a medium potential to produce habi- 
tat elements that the ring-necked pheasant requires. 
Barnes soils can produce high-quality grasses and leg- 
umes for nesting cover and escape cover. It also can pro- 
duce high-quality food plants as well as woody plants 
for winter cover and escape cover. 

Undrained Quam soils can produce cattails, sedges, 
and water-tolerant grasses that provide escape cover, 
nesting cover, and winter cover. If drained, Quam soils 
produce quality егорв of corn, soybeane, and small grain, 
which are excellent food for pheasant. Ав a result, each 
of these soils can furnish important habitat components 
for the pheasant. This statement is also true for other 
soils as they relate to various kinds of wildlife. 

The wildlife of Douglas County are discussed by soil 
associations. The Barnes-Langhei, Waukon-Flom, Sinai- 
Fulda, and Waukon-Gonvick associations consist of deep, 
poorly drained to somewhat excessively drained, nearly 
level to steep soils that have numerous potholes, sloughs, 
and lakes. These areas are well suited to wildlife. The 
lakes and sloughs provide habitat for waterfowl, fur- 
bearers, and other wildlife species. The pheasant popula- 
tion varies from year to year, depending on the hardness 
of the winter, the cover available, and the success of 
nesting. The diverse crops grown m the various areas, 
including sloughs and potholes, provide good cover and 
nesting for the birds. Deer are quite numerous through- 
out these associations but the largest population ie in the 
Waukon-Gonviek association. Deer hunters and archers 
are more successful in wooded areas along creeks and 
around lakes than in other areas. Muskrats, along with 
mink and other furbearers, are common in the wet 
marshy areas. Leased hunting and hunter services could 
be developed to provide supplemental income to farmers 
during the hunting season. The poorly drained and very 
poorly drained soils are well suited to the building of 
farm ponds or the digging of pits that supply water for 
wildlife. 

'The Nebish-Beltrami association consists of deep, well- 
drained and moderately well drained, nearly level to 
steep soils that have many sloughs, potholes, and lakes. 
This association is well suited to wildlife. The sloughs 
and potholes provide good habitat for waterfowl, fur- 
bearers, and other kinds of wildlife. Pheasant hunting 18 
fair. Deer hunting is good; the woods and marshes pro- 
vide food and cover. Muskrats are fairly common in the 
wet marshy areas. Mink and other furbearers are also 
present. 

The Arvilla-Sverdrup association consists of somewhat 
excessively drained, nearly level to rolling, droughty 
soils. These soils are deep and shallow to sand and there 
are many small areas of marshland. 


5 Prepared with the assistance of JoHN W. BEpISH, biologist, 
Soil Conservation Service. 
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TABLE 3.—Trees and shrubs rated for 
[Woodland suitability group 8 generally not suited 


Woodland suitability group 
Species Group 3 
Group 1 Group 2 
Drained Undrained 
Conifers: 
Black Hills spruce. ------------------ Suitable...........- Unsuitable. ........ Suitable------------ Unsuitable- ------- 
Colorado spruce-------------------- Рге{еггей----------- Buitable............ Suitable. ........... Unsuitable. -------- 
Eastern redcedar. ----------------- Preferred... Ргеївттед.....------ Suitable.______.____ Unsuitable... 
Jack pine._____.-.-.--------------- Suitable...........- Unsuitable- -------- Unsuitable. -------- Unsuitable--------- 
Northern white-cedar„-------------- Preferred... TUnsuitable--------- Ргеетгеа............- | Suitable... 
Ponderosa pine--------------------- Preferred... Suitable___________- Preferred_..-------- | Unsuitable......... 
Red BIDO a a a аы Suitable. .......... Unsuitable. -------- Unsuitable. -------- Unsuitable. -------- 
White ріпе-.....-..---.....-...-...- Suitable... ......... Unsuitable____.___- Unsuitable_____.__- Unsuitable---------- 
White spruce________--------------- Suitable------------ Unsuitable--------- Suitable------------| | Unsuitable. ........ 
Deciduous trees: 
American ейш ——------------------- Suitable. ----------- Suitable............ Suitable. (..--.----- Зиібабів ..--------- 
Green  —— Preferred_----------- Preferred... Preferred... Suitable...........- 
Hacekberny...-. o zas ን ከም йн othe seek Suitable------------ Suitable____ Suitable------------ Unsuitable--------- 
Laurel leaf willow------------------- Suitable_______----- Unsuitable____._-_- Preferred... Preferred. ---------- 
Poplar (all varieties) --------------- Preferred... Preferred__.___._.__ Ргеївтгед  ..------- Preferred... 
Siberian еШп.-----------.-----.---.. Suitable------------ Preferred_---------- Ргеїеггей----------- Suitable  ----------- 
Soft шаріб------------------------- Preferred----------- Suitable.__________- Preferred... ........ Suitable... 
White willow. Suitable. Unsuitable--------- Preferred........... Preferred. .......... 
Small trees and shrubs: 
American рішп--------------------- Ргеѓегтеа___.._....- Рееегтей........... Preferred._____----- Preferred____-_----- 
Buffaloberry_--..------------------ Preferred----------- Preferred----------- Preferred. -.------- Suitable. ---------- 
Caragana_________----------------- Preferred. Suitable_----------- бийа е 2...2. Unsuitable. |... 
Crabapple_._..----.--------------- Preferred... Ргегеггей ---------- Preferred... пп Suitable------------ 
Dogwood___----------------------- Preferred________--- Suitable_----------- Ргеѓегтеа__._._..--- Suitable... aa 
Ginnala maple Ргееттеа.............- Ргеегтей............. Suitable... Unsuitable. |... 
Honeysuckle. -------------- Preferred______----- Preferred___________ Preferred__________- Suitable_____..----- 
Jit ee 2 ee міння Рейете пп. Preferred___________ Ргеете пл Suitable | | ------- 
Purple-osier willow. Suitable. пл [፲889ቨልከ]16.........-.--- Preferred... -- Preferred... 
Russian-olive. --------------- Suitable... Ргегегей пп. 89ቨ8ከ16..::........--- Unsuitable -------- 
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windbreaks by woodland suitability group 


to windbreaks; onsite investigation required] 


Woodland suitability group—Continued 


Group 4 Group 5 Group 6 Group 7 
Drained Undrained Drained Undrained 

Suitable____ Unsuitable. Тїп айе  -------- Unsuitable. -------- войае пл... Unsuitable. 
Ргеїсттед.....---- Unsuitable. ---.---- Suitable.__..------- Unsuitable. -------- | Suitable... Unsuitable. 
Suitable. Unsuitable. ........ Suitable. ..--------- Unsuitable. -------- Preferred___.__._.__ Preferred. 
8ሀ118ከ10...------.-.--- ፒ7ከ5ፌቪልከ16...---------- Unsuitable--------- Unsuitable--------- | Preferred----------- Suitable. 
Preferred--------- Suitable..---------- Unsuitable.. ------- Unsuitable. -------- | Suitable 2... Suitable. 
Preferred--------- Unsuitable. -------- Unsuitable- --.----- Unsuitable. -------- Preferred _ --------- Suitable, 
Suitable.......... Unsuitable. --..---- Unsuitable.. ------- Unsuitable. -------- Preferred- --------- Preferred. 
Suitable. (..------ Unsuitable- ------ Unsuitable- ------- Unsuitable. ብብ Suitable_____ Unsuitable. 
Suitable... ..... Unsuitable. (------- Unsuitable. (.------ Unsuitable......... Suitable. ----------- Unsuitable. 
Suitable- -------- Suitable- ---------- Suitable- ---------- Unsuitable- -------- Unsuitable. -------- Unsuitable. 
Preferred... Suitable. -.--------- Ргеїсттей .--------- Suitable. ----------- Suitable... _ Unsuitable. 
Suitable... .... Unsuitable. -------- Suitable. (..-------- Unsuitable. .......- Unsuitable......... Unsuitable. 
Preferred___..._-- Preferred..___------ Preferred____.------ Preferred... Unsuitable. ---.---- Unsuitable. 
Preferred--------- Preferred.---------- Preferred. -------- Suitable... ....... бщае -.--------- Suitable. 
Preferred.______-- Suitable------------ Preferred. --------- Suitable.. ---------- Preferred.. --------- Preferred. 
Preferred--------- Suitable- ---------- Suitable- (---------- Unsuitable. -------- бойае Unsuitable. 
Preferred__.___--- Preferred... Preferred___-.------ Preferred_____..---- Unsuitablo......... Unsuitable. 
Рееетеф Suitable------------ Preferred----------- Suitable------------ Ргеетей Suitable, 
Preferred...____-- Suitable____-------- Suitable___...------ Unsuitable. -------- Preferred... Preferred. 
Suitable____.____- Unsuitable--------- Suitable------------ Unsuitable- -------- ба е. Suitable. 
Suitable.........- Unsuitable. --------- Suitable------------ Unsuitable--------- Preferred____._____- Preferred. 
Preferred______.-- Suitable------------ Preferred- --------- Suitable............ Unsuitable. ---.-.-- Unsuitable. 
Preferred_____-__- Suitable------------ Suitable. ---------- Unsuitable. ------- Suitable- --.------- | Unsuitable. 
Preferred_______-- Suitable..__..------ РгеҒегтей_....--.--- Suitable............ Preferred_____..---- Suitable. 
Preferred.__..-_-- Unsuitable. .......- Preferred... бща е ---------- Suitable............ Suitable. 
Preferred_____---- Suitable. ........... Preferred__.__------ Suitable------------ Unsuitable. ........ Unsuitable. 
Suitable.......... Unsuitable... ...... Preferred_______---- Ямійабів (---------- Suitable...........- Suitable. 
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TABLE 4.— Wildlife habitat potential of the soil associations 


Potential habitat for— 
| 
Soil association Small game Waterfowl and 
Upland game (squirrels and furbearers Big game Song birds 
(pheasants) rabbits) (ducks, mink, (deer) 
and muskrats) 
1. Barnes-Langhei association..... Medium. Medium to high----- Ни. Medium........ High. 
2. Waukon-Flom association- ....- Medium..........-., Medium to high... High........... Medium........ High. 
3. Sinai-Fulda association--------- Medium...........- Medium to high----- High........... Medium........ High. 
4. Nebish-Beltrami association. -- | Low......--...---- High... ርመ. LOW — Мейішп-------- High. 
5. Arvilla-Sverdrup association__.-| Low to medium. ...- 再 RE Low 1.......... Medium........ High. 
6. Forada-Arveson association----- Пот መመ Medium............| Medium 1....-- Medium. ....... Medium 
7. Waukon-Gonvick association. ..| Medium..........-- Medium to high.....| High........... Medium....... | High. 
8. Clarion-Flom association. .....- Medium. ..........- Medium............ High........... Оуена High. 
9. Dorset-Sioux association------- Low___.----------- Low to medium. .... LOW aaa Medium........ High 


1 Undrained, poorly drained, and very poorly drained soils and 


Most of this association is subject to drought. Duck 
hunting is fair to good, but it is limited to the large 
sloughs and lakes. Pheasant hunting is fair. Deer hunt- 
ing is good in the wooded areas along the lakes and 
streams. Lake Christina provides food and habitat for 
waterfowl, and in fall, it is used as а stopover by 
migrating canvasbacks. 

Тһе Forada-Arveson association consists of poorly 
drained, nearly level soils that formed in loamy mate- 
rials that are moderately deep and deep to sand and 
gravel. This association is moderately well suited to wild- 
life. It 1 e ml Some af f that provide habitat for 
waterfowl Some of the sloughs and depressions 
can be improved for wildlife habitat. Resident duck 
populations are lower than in other areas. Pheasant pop- 
ulations generally are low, and hunting is fair. Shrubs 
and trees in some areas provide cover for upland game 
and deer. Deer hunting is fair. 

The Clarion-Flom association consists of deep, well- 
drained and poorly drained, nearly level to rolling soils. 
It has many sloughs and a few small lakes. It is well 
suited to wildlife. The numerous lakes and sloughs pro- 


Figure 18.—Wildlife wetland development with a loafing island. The 
soil is Forada loam, depressional. 


undrained marshes have a high potential for wetland development. 


vide good wildlife habitat. The pheasant population 
varies from year to year, depending on the hardness of 
winter, cover available, and nesting success. The varied 
eropping of the land and the numerous areas of marsh 
provide good cover and nesting areas for the birds. Deer 
hunting is fair. The soils in this association are well 
suited to the building of pits and ponds for wildlife 
habitat. 

'The Dorset-Sioux association consists of well-drained 
to excessively drained, nearly level to very steep, 
droughty soils that are moderately deep to very shallow 
to gravelly coarse sand. Most of this association is sub- 
ject to drought. Duck hunting is fair and is limited to 
the larger sloughs. Pheasant hunting is poor because of 
the low population. Deer are quite numerous, and deer 
hunting is good. The wooded areas scattered throughout 
the association provide ample food and cover. They also 
provide food and cover for grouse, but grouse hunting 
is poor. Muskrats are common in the wet marshy areas, 
and there are also mink, beaver, and other furbearers. 


Recreational Uses of the Soils 


'The many lakes and streams, the wooded hills, and the 
scenery in Douglas County provide ample opportunity 
for recreational development. The usual kinds of fish, 
including northern pike, walleye, largemouth bass, crap- 
pie, sunfish, bullhead, and carp, are in the lakes. City 
dwellers in increasing numbers are turning to outdoor 
activities for recreation. Consequently, owners of farms, 
woodlands, and lakeshore have an opportunity to develop 
new and potentially profitable enterprises, such as facili- 
ties for camping, picnicking, fishing, hunting, golfing, 
and other forms of outdoor recreation. 

This section can be used to help determine the suit- 
ability for recreational purposes of the various soils in 
their natural condition. Intensive drainage, effective 
diking, and other practices can greatly alter natural soil 
limitations and should be considered during onsite 
evaluation, 

In table 5 the degree of limitation is given for each 


soil in the county for selected recreational purposes, and 
some of the soil features that affect these uses are given. 
'The degree of limitation is based on soil features, but 
such items as land value, location, and esthetic value 
that may be important in selecting an area have not been 
considered. Slight means that the soil has few or no 
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TABLE 5.— Limitations of soils for recreational uses 


Soil 


Intensive 
play areas 
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limitations or that the limitations can be easily over- 
come; moderate indicates that the soil limitations can 
be overcome with good management and careful design; 
severe indicates that the soil has limitations that are 
difficult to overcome and its development for the speci- 
fied purpose is questionable. 


Intensive 
pienie areas 


Buildings for 
recreational use 


Paths and trails 


Intensive 
camping areas 


Aastad clay loam, 1 to 3 per- 
cent slopes. 


Alluvial Їапд--.-------------- 


Arveson sandy clay loam_______ 


АтуШа sandy loam, 0 to 2 
percent slopes. 


Arvilla sandy loam, 2 to 6 
percent slopes. 


АтуШа sandy loam, 6 to 12 
percent slopes. 


Arvilla sandy loam, thick 
solum, 0 to 3 percent slopes. 


Barnes loam, 2 to 6 percent 
slopes, eroded. 


Barnes loam, 6 to 12 percent 
slopes, eroded. 


Barnes-Langhei loams, 2 to 6 
percent slopes, eroded. 


Barnes-Langhei loams, 6 to 12 
percent slopes, eroded. 


Beltrami loam, 1 to 3 percent 
slopes. 


Brophy рай 


Carlos muck- ---------------- 


Cathro тиск መመመ... 


Severe: flooding 
hazard; water 


table 1 to 5 feet | 


below surface. 


Severe: poorly 
drained; water 
table 1 to 4 feet 
below surface. 


Moderate: slope... 
Severe: slope.... 
ӨНӨ х дарено 
Moderate: slope... 
Severe: slope.... 
Moderate: slope.. 
Severe: slope..... 
Sahl 
Severe: season- 


ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: season- 
ally ponded; 


water table 0 to | 


2 feet below 
surface; very 
poorly drained. 


Severe: flooding 
hazard; water 
table 1 to 5 feet 
below surface. 


Severe: poorly 
drained; water 
table 1 to 4 feet 
below surface. 


Moderate: slope.. 


Moderate: slope.. 


Slight 


Moderate: slope. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Slight__...------- Moderately 
sticky when 
wet. 

Severe: flooding | Severe: flooding 


hazard; water 
table 1 to 5 feet 
below surface. 


Severe: poorly 
drained; water 
table 1 to 4 feet 
below surface. 


hazard; water 
table 1 to 5 feet 
below surface. 


Severe: poorly 
drained; water 
table 1 to 4 feet 
below surface. 


Slight- --------- SEDE 2с 
Moderate: slope..| Slight------------ 
| 

Slight____.__----- Sighs ass 
Slight. |... Slight------------ 
Moderate: slope..| Slight------------ 
По а 222202 Slight...........- 
Moderate: slope. | Sligbt------------ 
Slight....-------- Slight.-.--------- 
Severe: season- Severe: season- 


ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Slight. 


Severe: flooding 
hazard; water 
table 1 to 5 feet 
below surface. 


Severe: poorly 
drained; water 
table 1 to 4 feet 
below surface. 


Slight. 
Slight. 


Moderate: slope. 


Slight. 
Slight. 


Moderate: slope. 


Slight. 


Moderate: slope. 


Slight. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: season- 
ally ponded; 
water table 0 to 
2 fect below 
surface; very 
poorly drained. 
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TABLE 5.— Limitations о) soils for recreational uses—Continued 


Soil Intensive 
play areas 
Cathro muck, sandy subsoil Severe: season- 


variant. 


Clarion loam, 2 to 6 percent 
slopes, eroded. 


Clarion loam, 6 to 12 percent 
slopes, eroded. 


Clontarf sandy loam, 0 to 2 
percent slopes. 


Colvin silt 1оатш........------- 


Colvin silt loam, depressional... 


Darnen loam, 1 to 4 percent 
slopes. 


Dassel sandy loam_..._______- 


Dassel sandy loam, depressional. 


Dorset sandy loam, 0 to 2 per- 
cent slopes. 


Dorset sandy loam, 2 to 6 per- 
cent slopes. 


Dorset sandy loam, 6 to 12 
percent slopes. 


Dorset sandy loam, thick 
solum, 0 to 2 percent slopes. 


Dorset sandy loam, thick 
solum, 2 to 6 percent slopes. 


Dorset sandy loam, thick 
solum, 6 to 12 percent 
slopes. 


ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Moderate: slope.. 
Severe: slope.... 
Slight------------ 
Severe: poorly 


drained; water 
table 2 to 5 feet 
below surface. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained; 
slippery and 
sticky when 
wet. 


Severe: poorly 
drained; water 
table 2 to 4 
feet below sur- 
face. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Moderate: slope.. 


Severe: slope.... 
Moderate: 


slope. 


Severe: slope.... 


Intensive 
picnic areas 


Buildings for 
reereational use 


Paths and trails 


Intensive 
camping areas 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Moderate: slope.. 
Slight... els 
Severe: poorly 


drained; water 
table 2 to 5 feet 
below surface. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 


poorly drained; | 


slippery and 
sticky when 
wet. 


Severe: poorly 
drained; water 
table 2 to 4 
feet below sur- 
face. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Slight... sa 
Moderate: slope.. 
Slight 
Slight- 
Moderate: slope.. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Moderate: slope.. 


Moderate: 
poorly drained; 
water. table 2 
to 5 feet below 
surface. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


БЕШ --- 
Moderate: water 
table 2 to 4 


Íeet below sur- 
face, 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Moderate: slope.. 


Moderate: slope.. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: poorly 
drained; slip- 
регу and sticky 
when wet; 
water table 2 
to 5 feet below 
surface. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained; 
slippery and 
sticky when 
wet. 


Severe: poorly 
drained: water 
table 2 to 4 
feet below sur- 
face. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Slight. 


Moderate: slope. 
Slight. 
беүеге: poorly 


drained; water 
table 2 to 5 feet, 
below surface. 


беуеге: season- 

ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained; 
slippery and 
sticky when 
wet. 


Slight. 


Severe: poorly 
drained; water 
table 2 to 4 
feet below sur- 
face. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Slight. 


Slight. 
Moderate: slope. 
Slight. 
Slight. 
Moderate: slope. 


Soil 


Dovray mucky silty сіау.------ 


Flom silty clay Юаш.......П----- 


Forada sandy loam 


Forada loam, depressional..... | 


Forada sandy loam, sandy 


subsoil. 


Forman clay loam, 


6 to 12 


percent slopes, eroded. 


Forman-Aastad clay loams, 
1 to 5 percent slopes. 


Fulda silty «Іау--------------- 


Gonvick loam, 1 to 3 percent 


slopes. 


Hangaard sandy lo 


am......... 


Hantho silt loam, 1 to 3 


percent slopes. 
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Severe: 


Severe: 


Severe: 


Severe: 


69 


wet; very slow 
permeability ; 
water table 0 to 
2 feet below 
surface. 


poorly 
drained; slip- 
pery and sticky 
when wet; water 
table 2 to 5 
feet below 
surface. 


poorly 
drained; water 
table 2 to 4 
feet below 
surface. 


very 
poorly drained; 
water table 0 to 
2 feet below 

surface; season- 
ally ponded; 

sticky and slip- 
pery when wet. 


poorly 
drained; water 
table 2 to 4 
feet below 
surface. 


Severe: slope; 
slippery and 
sticky when 


wet. 
Moderate: slope.. 
Severe: poorly 


drained; slip- 
pery and sticky 
when wet; 
water table 

1 бо 4 feet 
below surface. 


Severe: poorly 
drained; water 
table 1 to 4 
feet below 
surface. 


Moderate: 


Severe: 


Severe: 


Severe: 


Severe: 


Moderate: 


Severe: 


Severe: 


Moderate: 


slippery when 
wet. 


wet; very slow 
permeability ; 
water table 0 to 
2 feet below 
surface. 


poorly 
drained; slip- 
pery and sticky 
when wet; water 
table 2 to 5 
feet below 
surface. 


poorly 
drained; water 
table 2 to 4 
feet below 
surface. 


very 
poorly drained; 
water table 0 to 
2 feet below 
surface; season- 
ally ponded; 
Sticky and slip- 
pery when wet. 


poorly 
drained; water 
table 2 to 4 
feet below 
surface. 


slope; 
slippery and 
Sticky when 
wet. 


poorly 
drained; slip- 
pery and sticky | 
when wet; 
water table 

1 to 4 feet 
below surface. 


poorly 
drained; water 
table 1 to 4 
feet below 
surface. 


slippery when 
wet. 


Moderate: 


water table 0 to 
2 feet below 
surface. 


water 
table 2 to 5 
feet below 
surface. 


Moderate: poor- 
ly drained; 
water table 2 to 
4 feet below 
surface. 


Severe: very 
poorly drained; 
water table 0 to 
2 feet below 
surface; season- 
ally ponded. 


Moderate: роот- 
ly drained; 
water table 2 to 

4 feet below 


surface. 
Moderate: slope.. 
Slight------------ 
Moderate: water 

table 1 to 4 


feet below sur- 
face; poorly 
drained. 


Moderate: poorly 
drained; water 
table 1 to 4 
feet below 
surface. 


| 


wet; very slow 
permeability; 
water table 0 to 
2 feet below 
surface. 


Severe: poorly 
drained; slip- 
pery and sticky 
when wet; water 
table 2 to 5 
feet below 
surface. 


Severe: poorly 
drained; осса- 
sionally ponded; 
water table 2 to 
4 feet below 
surface. 


Severe: very 
poorly drained; 
water table 0 to 
2 feet below 
surface; season- 
ally ponded; 
Sticky and slip- 
pery when wet. 


Severe: poorly 
drained; water 
table 2 to 4 feet 
below surface. 


Moderate: slip- 
pery and sticky 
when wet. 


Moderate: 
sticky when 
wet. 


Severe: poorly 
drained; slip- 
pery and stieky 
when wet; 
water table 
1 to 4 feet 
below surface. 


Severe: poorly 
drained; sticky 
when wet; 
water table 
1 to 4 feet 
below surface. 


Moderate: 
slippery when 
wet. 


Intensive Intensive Buildings for Paths and trails Intensive 
play areas ріспіс areas recreational use camping areas 
Severe: very Severe: very Severe: very Severe: very Severe: very 

poorly drained: poorly drained; poorly drained; poorly drained; poorly drained; 
seasonally seasonally seasonally seasonally seasonally 
ponded; ponded; ponded; very ponded; ponded; 
slippery and slippery and slow per- slippery and slippery and 
sticky when sticky when meability ; sticky when sticky when 


wet; very slow 
permeability ; 
water table 0 
to 2 feet be- 
low surface. 


Severe: poorly 
drained; slip- 
pery and sticky 
when wet; water 
table 2 to 5 
feet below 
surface. 


Severe: poorly 
drained; occa- 
sionally ponded; 
water table 2 to 
4 feet below 
surface. 


Severe: very 
poorly drained; 
water table 0 to 
2 feet below 
surface; season- 
ally ponded; 
sticky and slip- 
pery when wet. 


Severe: poorly 
drained; sticky 
when wet; water 
table 2 to 4 feet 
below surface. 


Moderate: slope; 
slippery and 
sticky when 
wet. 


Slight. 


Severe: poorly 
drained; slip- 
pery and sticky 
when wet; 
water table 
1 to 4 feet 
below surface. 


Slight. 


Severe: poorly 
drained; sticky 
when wet; 
water table 
1 to 4 feet 
below surface. 


Moderate: 
slippery when 
wet. 
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Soil Intensive Intensive Buildings for Paths and trails Intensive 
play areas ріспіс areas recreational use camping areas 
Lake beaches, sandy__..--_--- Severe: poorly Severe: poorly | Severe: poorly Severe: poorly Severe: poorly 


Lake beaches, loamy .......... 


Langhei loam, 18 to 40 percent 
slopes. 


Langhei-Barnes loams, 12 to 
18 percent slopes, eroded. 


Langhei-Waukon loams, 12 to 
18 percent slopes, eroded. 


Langhei- Waukon loams, 18 to 
24 percent slopes. 


Langhei- Waukon-Sioux com- 
plex, 12 to 25 percent slopes. 


Maddock fine sand, 0 to 2 per- 
cent slopes. 


Maddock fine sand, 2 to 6 per- 
cent slopes. 


Maddock fine sand, 6 to 12 
percent slopes. 


Marysland loam, дерговвопа| _. 


Millerville mucky peat. ------ 


drained; high 
water table; 
flooding hazard. 


Severe: poorly 
drained; high 
water table; 
flooding hazard. 


Severe: slope.... 
Severe: slope... 
Severe: slope ... 
Severe: slope.... 
Severe: slope.... 
Moderate: 10056 


soil subject to 
blowing; diffi- 
cult to vege- 
tate. |" 


Moderate: slope; 
loose soil sub- 
ject to blowing; 
difficult to 
vegetate. 


Bevere: slope; 
subject to 
blowing; diffi- 
cult to vege- 
tate. 


Severe: very 
poorly drained; 
high water 
table; ponded. 


Severe: poorly 
drained; water 
table 2 to 4 feet 
below surface; 
sticky when 
wet. 


Severe: very 
poorly drained; 
water table 0 to 
2 feet below 
surface; season- 
ally ponded; 
sticky and slip- 
pery when wet. 


Severe: season- 
ally ponded; 
water table 
0 to 2 fect 
below surface; 
very рооЛу 
drained. 


drained; high | 
water table; 
flooding hazard. 


Ñevere: poorly 
drained; high 
water table; 
flooding hazard. 


Severe: slope....| Severe: slope.... 
Severe: slope....| Severe: slope.... 
Severe: slope....| Severe: slope.... 
Severe: slope....; Severe: slope.... 
Severe: slope....| Severe: slope.... 
Moderate: loose | Slight (1... 
soil subject to 
blowing; diffi- 
cult to vege- 
tate. 
Moderate: loose | Slight------------ 
soil subject to 
blowing; diffi- 
cult to vege- 
tate. 
Severe: subject Moderate: slope.. 
to blowing; 
difficult to 
vegetate. 
Severe: very Severe: very 
poorly drained; poorly drained; 
high water high water 


table; ponded. 


Severe: poorly 
drained; water 
table 2 to 4 feet 
below surface. 


Severe: very 
poorly drained; 
water table 0 to 
2 feet below 
surface; season- 
ally ponded; 
sticky and slip- 
pery when wet. 


Severe: season- 
ally ponded; 
water table 
0 to 2 fcet 
below surface; 
very poorly 
drained. 


Severe: 


Moderate: 


Severe: 


Severe: 


drained; high 
water table; 
flooding hazard. 


poorly 
drained; high 
water table; 
flooding hazard. 


table; ponded. 


poorly drained; 
water table 2 to 
4 fect below 
surface. 


very 
poorly drained; 
water table 0 to 
2 feet below 
surface; season- 
ally ponded. 


season- 
ally ponded; 
water table 

0 to 2 feet 
below surface; 
very poorly 
drained. 


drained; high 
water table; 
flooding hazard. 


Severe: poorly 
drained; high 
water table; 
flooding hazard. 


Severe: slope.... 
Moderate: slope.. 
Moderate: slope.. 
Severe: slope. - 
Moderate: slope.. 
Moderate: loose 
soil subject to 
blowing. 
Moderate: loose 
soil subject to 
blowing. 
Moderate: loose, 


sandy soil sub- 
ject to blowing. 


Severe: very 
poorly drained; 
high water 
table; ponded. 


Severe: poorly 
drained; sticky 
when wet; 
water table 2 to 
4 feet below 
surface. 


Severe: very 
poorly drained; 
water table 0 to 
2 feet below 
surface; season- 
ally ponded; 
sticky and slip- 
pery when wet. 


Severe: season- 
ally ponded; 
water table 
0 to 2 fect 
below surface; 
very poorly 
drained. 


drained; high 
water table; 
flooding hazard. 


Severe: poorly 
drained; high 
water table; 
flooding hazard. 


Severe: slope. 
Severe: slope. 
Severe: slope. 
Severe: slope. 
Severe: slope. 
Moderate: loose 


soil subject to 
blowing; diffi- 
cult to vege- 
tate. 


Moderate: loose 
soil subject to 
blowing; diffi- 
cult to vege- 
tate. 


Moderate: slope; 
loose, sandy 
soil subject to 
blowing; diffi- 
cult to vege- 
tate. 


Severe: very 
poorly drained; 
high water 
table; ponded. 


Severe: poorly 
drained; sticky 
when wet; 
water table 2 to 
4 feet below 
surface. 


Severe: very 
poorly drained; 
water table 0 to 
2 feet below 
surface; season- 
ally ponded ; 
sticky and slip- 
pery when wet. 


Severe: season- 
ally ponded; 
water table 
0 to 2 feet 
below surface; 
very poorly 
drained. 
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Soil Intensive Intensive Buildings for Paths and trails Intensive 
play areas pienie areas recreational use camping areas 
Nebish sandy loam, 2 to 6 Moderate: slope._| Slight------------ В Slight_----------- Slight. 
percent, slopes. 
Nebish sandy loam, 6 to 12 Severe: slope....| Moderate: slope..| Moderate: Боре | Slight------------ Moderate: slope. 
percent slopes. 
Nebish sandy loam, 12 to 18 Severe: slope....| Severe: slope....| Severe: slope....| Moderate: slope..| Severe: slope. 
percent slopes. 
Nebish loam, 2 to 6 percent Moderate: зюре | Slight------------ Slight_----------- Slight.----------- ‚ Slight. 
slopes. | 
Nebish loam, 2 to 6 pereent Moderate: slope | 8НЄМ..........- ӨШІН nos Sa 全 = | Slight. 
slopes, eroded. | 
None loam, 6 to 12 percent Severe: slope....| Moderate: slope..| Moderate: slope..| Slight ---------- Moderate: slope. 
slopes. 
Nebish loam, 6 to 12 percent Severe: slope....| Moderate: slope..| Moderate: 5]оре- Slight------------ Moderate: slope. 
slopes, eroded. 
Nebih loam, 12 to 18 percent | Severe: slope....| Severe: slope....| Severe: slope....| Moderate: slope..| Severe: slope. 
slopes. 
Nebish loam, 18 to 24 percent | Severe: slope....| Severe: slope....| Severe: slope....| Severe: slope....| Severe: slope. 
slopes. 
Nebish-Dorset complex, 2 to 6 | Moderate: slope--| Slight............ Slight------------ Slight. ---------- Slight. 
percent slopes. | 
Nebish-Dorset complex, 6 to 12 | Severe: slope....| Moderate: slope._| Moderate: slope..| Slight------------ Moderate: slope. 
percent slopes. 
Nicollet clay loam, 1 to 4 Slight... Slight. መመመ... Slight__._...____- Moderate: Slight. 
percent slopes. sticky when 
wet. 
Nymore loamy sand, 2 to 6 Moderate: slope; | Moderate: loose | Slight... Moderate: loose | Moderate: loose 
percent slopes. loose soil sub- | | soil subject бо soil subject to soil subject to 
ject to blowing; | blowing; diffi- blowing. blowing; diffi- 
difficult to cult бо vegetate: cult to vegetate. 
vegetate. ! 
Nymore loamy sand, 6 to 18 Severe: slope; Severe: subject | Moderate: slope. | Moderate: loose | Moderate: slope; 
percent slopes. subject to blow- to blowing; sandy soil, loose sandy 
ing; difficult to difficult to subject to soil, subject to 
vegetate. vegetate. blowing. blowing; diffi- 
cult to vegetate. 
Osakis loam, 0 to 3 percent Slight... u. U: РА РУ об ОББ ---------- Бер... Slight. 
slopes. | 
Quam mucky silty clay loam___| Severe: very Severe: very Severe: very | Severe: very Severe: very 
poorly drained; poorly drained; poorly drained; poorly drained; poorly drained; 
water table water table water table water table water table 
0 to 2 feet 0 to 2 feet 0 to 2 feet 0 to 2 feet 0 to 2 feet 
below surface; below surface; below surface; below surface; below surface; 
seasonally seasonally seasonally seasonally seasonally | 
ponded; sticky ponded; sticky ponded. ponded; sticky ponded; sticky 
and slippery and slippery and slippery and slippery 
when wet. when wet. when wet. | when wet. 
| 
Rifle mucky peat... Severe: season- Severe: season- Severe: season- Severe: season- Severe: season- 
ally ponded; ally ponded; ally ponded; ally ponded; | ally ponded; 
water table water table water table | water table 


Rothsay silt loam, 2 to 6 per- 
cent slopes. 


water table 

| 0 10 2 feet 

¦! below surface; 
| very poorly 

| drained. 


Moderate: slope; | 
slippery when | 
wet. | 


0 to 2 feet 
below surface; 
very poorly 
drained. 


Moderate: slip- 
pery when wet. 


0 to 2 feet 
below surface; 
very poorly 
drained. 


0 to 2 feet 
below surface; 
very poorly 
drained. 


Moderate: slip- 
pery when wet. 


0 to 2 feet 
below. surface; 
very poorly 
drained. 


Moderate: slip- 
pery when wet. 
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Soil Intensive Intensive Buildings for Paths and trails Intensive 
play areas pienic areas recreational use camping areas 
Seelyeville тиек пп Severe: season- Severe: season- Severe: season- Severe: season- Severe: season- 


Shookerloam_______. 


білгі clay, 0 to 2 регсепі slopes_ 


Sinai clay, 2 to 6 percent slopes. 


Sioux loamy coarse sand, 0 to 6 
pereent slopes. 


Sioux loamy coarse sand, 6 to 
12 percent slopes. 


Sioux gravelly loamy coarse 
sand, 2 to 12 percent slopes. 


Sioux gravelly loamy coarse 
sand, 12 to 35 percent slopes. 


Sverdrup sandy loam, 0 to 2 
percent slopes. 


Sverdrup sandy loam, 2 to 6 
percent slopes. 


Sverdrup sandy loam, 6 to 12 
percent slopes. 


Sverdrup loam, thick solum, 
0 to 3 percent slopes. 


Tonka loam 


Urness mucky silty clay loam. 


ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: poorly 
drained; sticky 
and slippery 
when wet; 
water table 2 to 
5 feet below 
surface. 


Severe: slippery 
and sticky when 
wet; very slow 
permeability. 


Severe: slippery 
and sticky when 
wet; very slow 
permeability. 


Moderate: loose 
soil; difficult 
to vegetate. 


Severe: slope; 
loose scil; 
difficult to 
vegetate. 


Severe: slope; 
loose soil; 
diffieult to 
vegetate. 


Severe: slope; 
difficult to 
vegetate. 


Moderate: slope.. 


Severe: slope.... 


Severe: poorly 
drained; sticky 
and slippery 
when wet; water 
table 2 to 5 feet 
below surface. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained; 
slippery and 
sticky when 
wet. 


ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: poorly 
drained; sticky 
and slippery 
when wet; 
water table 2 to 
5 feet below 
surface. 


Severe: slippery | 
and sticky when ; 
wet; very slow | 
permeability. 


Severe: slippery 
and stieky when | 
wet; very slow 
permeability. 


Moderate: loose 
soil; difficult 
to vegetate. 


Moderate: 
difficult to | 
vegetate. 


slope; | 


Severe: slope; 
difficult to 
vegetate; tex- 
ture of surface 
layer. 


Severe: slope.... 
Яр. ..-------- 
Slight. |... 
Moderate: slope. 
Slight.----------- 
Severe: poorly 


drained; sticky 
and slippery 
when wet; water 
table 2 to 5 feet 
below surface. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained; 
slippery and 
stieky when 
wet. 


ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: poorly 
drained; water 
table 2 to 5 
feet below sur- 
face. 


| Moderate: clayey 
texture. 
Moderate: clayey 
texture and 
slope. 
Blight... À 
Moderate: 81056... 
Moderate: Slope-- 
Severe: slope.... 
Өө ы ----------- 
Slight... 
Moderate: slope. 
Slight.___.__---_- 
Severe: poorly 


drained; water 
table 2 to 5 feet 
below surface. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: poorly 
drained; slip- 
pery and sticky 
when wet; 
water table 2 
to 5 feet below 
surface. 


Severe: slippery 
and sticky when 
wet; very slow 
permeability. 

Severe: slippery 
and sticky when 
wet; very slow 
permeability. 

Slight oz sss 

Slight. ----------- 

Severe: texture 
of surface 
layer. 

Severe: slope.... 

ӘП eos 

ВВ ` 

88ደከ1..------------ 

Slight... መመመ 

Severe: poorly 


drained; slip- 
pery and sticky 
when wet; water 
table 2 to 5 feet 
below surfaee. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained; 
slippery and 
sticky when 
wet. 


ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained. 


Severe: poorly 
drained; slip- 
регу and sticky 
when wet; 
water table 2 to 
5 feet below 
surface. 


Severe: slippery 
and sticky when 
wet; very slow 
permeability. 


Severe: slippery 
and sticky when 
wet; very slow 
permeability. 


Moderate: loose 
soil; difficult 
to vegetate. 


Moderate: 
difficult to 
vegetate; loose 
soil. 


slope; 


Severe: slope; 
difficult to 
vegetate; loose 
soil. 


Severe: slope; 
difficult to 
vegetate. 

Slight. 

Slight. 

Moderate: slope. 

Slight. 

Severe: poorly 


drained; slip- 
pery and sticky 
when wet; water 
table 2 to 5 feet 
below surface. 


Severe: season- 
ally ponded; 
water table 0 to 
2 feet below 
surface; very 
poorly drained; 
slippery and 
sticky when 
wet. 
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Soil Jntensive Intensive Buildings for Paths and trails Intensive 
play areas ріспіс areas recreational use camping areas 
Urness mucky silt loam, peaty | Severe: season- Severe: season- Severe: season- Severe: season- Severe: season- 


subsoil variant. 


Vallers clay loam, 0 to 3 
percent slopes. 


Waukon loam, 2 to 6 percent 
slopes. 


Waukon loam, 2 to 6 percent 
slopes, eroded. 


Waukon loam, 6 to 12 percent 
slopes. 


Waukon loam, 6 to 12 percent 
slopes, eroded. 


Waukon loam, 12 to 18 percent 
slopes. 


Waukon loam, 12 to 18 percent 
slopes, eroded. 


Waukon loam, 18 to 24 percent 
slopes. 


Waukon clay loam, 2 to 6 
pereent slopes. 


Waukon clay loam, 6 to 12 
percent slopes, eroded. 


Waukon-Langhei loams, 2 to 6 
percent slopes, eroded. 


Waukon-Langhei loams, 6 to 
12 percent slopes, eroded. 


Waukon-Langhei-Sioux com- 
plex, 2 to 6 percent slopes, 
eroded. 


Waukon-Langhei-Sioux com- 
plex, 6 to 12 percent slopes, 
eroded. 


Zell-Rothsay silt loams, 6 to 12 
percent slopes, eroded. 


ally ponded; 
water table 

0 to 2 feet 
below surface; 
very poorly 
drained. 


Severe: poorly 
drained; water 
table 2 to 5 
feet below sur- 
face; slippery 


and sticky 

when wet. 
Moderate: slope.. 
Moderate: slope.., 
Severe: slope....| 
Severe: slope.... 
Severe: slope.... 
Severe: slope.... 
Severe: slope.... 
Moderate: slope. 
Severe: slope... 
Moderate: slope.. 
Severe: slope... 
Moderate: slope.. 
Severe: slope.... 
Severe: slope.... 


ally ponded; 
water table 

0 to 2 feet 
below surface; 
very poorly 
drained. 


Severe: poorly 
drained; water 
table 2 to 5 
feet below sur- 
face; slippery 


and sticky 

when wet. 
Slight____..-..--- 
ЕНЕ: saa ss u 
Moderate: slope.. 
Moderate: slope.. 
Severe: slope.... 
Severe: slope.... 
Severe: slope... 
Slight_...-------- 
Moderate: slope.. 
Slight- ---------- 
Moderate: slope.. 
Slight------------ 
Moderate: slope-- 
Moderate: slope.. 


ally ponded; 
water table 

0 to 2 feet 
below surface; 
very poorly 
drained. 


Moderate: 
poorly drained; 
water table 
2 to 5 feet 
below surface. 


Әіріні.--------.-- 
Slight ss 
Moderate: slope.. 
Moderate: slope. 
Severe: slope.... 
Severe: slope.... 
Severe: slope.... 
Slight._-.--..-.-- 
Moderate: slope. 

Slight------------ 
Moderate: slope-- 
Slight_----------- 
Moderate: slope.. 
Moderate: slope.. 


ally ponded; 
water table 

0 to 2 feet 
below surface; 
very poorly 
drained. 


Severe: poorly 
drained; slip- 
pery and sticky 
when wet; 
water table 
2 to 5 feet 
below surface. 


Moderate: slope. 


Moderate: slope 


Severe: slope.... 


Moderate: 
sticky when 
wet. 


Moderate: 
sticky when 
wet. 


ally ponded; 
water table 

0 to 2 feet 
below surface; 
very poorly 
drained. 


Severe: poorly 
drained; slip- 
pery and sticky 
when wet; 
water table 
2 to 5 feet 
below surface. 


Slight. 


Slight. 
Moderate: slope 
Moderate: slope. 
Severe: slope. 
Severe: slope. 
Severe: slope. 
Slight. 
Moderate: slope. 
Slight. 
Moderate: slope. 
| Slight. 

Moderate: slope. 
Moderate: slope. 
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INTENSIVE PLAY AREAS.— Table 5 shows that the soils 
have a wide range in limitations for use as intensive play 
areas. These areas are to be developed for playing base- 
ball, football, badminton, and similar organized games. 
They are subject to intensive foot traffic. The more desir- 
able areas are nearly level, have good drainage, have 
soil texture and consistence that give a firm surface, and 
are free from flooding. 

INTENSIVE PICNIC AREAS.—Picnicking accommodations 
should be uncrowded and should have suitable areas for 
parking cars. The degree of limitation is based on soil 
features only. Other factors that may affect the desirabil- 
ity of the site, such as trees, lakes, fishing, swimming, 
or hiking are not considered. Soils selected for intensive 
pienic areas generally have good drainage, are nearly 
level to gently sloping, provide good footage, and are 
safe from flooding. 

BUILDINGS FOR RECREATIONAL UsE.—Detailed onsite in- 
vestigations are generally required for the selection of a 
specific building site. The soil limitations apply to sea- 
sonal and year-round use of cottages, washrooms, bath- 
houses, picnic shelters, and service buildings. The suita- 
bility of the soils for septic tanks and filter fields has 
not been considered. Extreme care should be taken to 
prevent the pollution of lakes and streams. In areas 
adjacent to the lakes where the soils are sandy or grav- 
elly, the hazard of pollution is very great. In Douglas 
County most of the lakes in the eastern half of the 
county are surrounded by sand or gravelly coarse sand. 
On the lakes that are surrounded by loam glacial till the 
hazard of pollution is not so great, because the effluent 
cannot move so rapidly through the soil. Soils that are 
most suitable for building sites in recreational areas have 
good drainage, are nearly level to gently sloping, and 
are not subject to flooding. 

PATHS AND ткАпв.—Ш table 5, the limitations are 
shown for use of soils for trails, local and cross-country 
hiking, bridle paths, and other nonintensive uses that 
allow for movement of people in many directions. Areas 
that have slight limitations for paths and trails have 
good drainage, are not subject to flooding, are nearly 
level to rolling, and have surface texture that provides 
good footing. Soils that have severe limitations have poor 
drainage, are subject to flooding, are steep, and do not 
provide good footing. 

INTENSIVE CAMPING AREAS.—Intensive camping areas 
are used as campsites for tents and trailers and for the 
accompanying activities of outdoor living. Such areas 
are used frequently during the camping season. They 
ought to require little site preparation, other than 
shaping and leveling to make the unpaved surface suit- 
able for parking of cars and as sites for tents and 
trailers. The soils should be suitable for heavy traffic by 
people and for limited traffic by motor vehicles. The 
more suitable sites have good drainage, are not subject 
to flooding, are nearly level to gently sloping, are not 
subject to soil blowing, and provide good footing in all 
kinds of weather. 


Engineering Uses of the Soils * 


This section provides information of special interest 
to engineers, contractors, farmers, and others who use 
soil as structural material or as foundation material upon 
which structures are built. Information contained in this 
section is valuable to planning commissions, town and 
country planners, town and city managers, sanitarians, 
land developers, architects, and realtors who are con- 
cerned with soils and their limitations in land-use 
planning and development. In this section are those 
properties of the soils that affect construction and main- 
tenance of roads, airports, pipelines, building founda- 
tions, water storage facilities, erosion control structures, 
drainage systems, and sewage disposal systems. Among 
the soil properties most important in engineering are 
permeability, shear strength, density, shrink-swell poten- 
tial, water-holding capacity, grain-size distribution, plas- 
ticity, and reaction. 

Information concerning these and related soil proper- 
ties is furnished in tables 6, 7, and 8. The estimates and 
interpretations of soil properties in these tables can be 
used in: 

1. Selecting potential residential, industrial, com- 
mercial, and recreational areas. Among those 
factors which should be considered in selecting 
locations are depth to bedrock, seasonal high 
water table, frequency of flooding, and perme- 
ability of the soil. 

9, Selecting potential locations for highways, air- 
ports, pipelines, and underground cables. Among 
the factors that should be considered in selecting 
locations are depth to bedrock, depth to water 
table, soil permeability, frequency of flooding, 
and susceptibility to sliding. 

3. Locating probable sources of sand, gravel, or 
road fill suitable for use as construction material. 
Among the factors that should be considered in 
selecting locations are depth to water table, pres- 
ence of stones and boulders, thickness of the 
deposits, shrink-swell potential, susceptibility to 
frost action, and moisture content. 

4, Planning and designing of agricultural drainage 
systems, farm ponds, irrigation systems, diversion 
terraces, and other structures for controlling 
water and conserving soil. Among the factors 
that may be important are permeability and 
seepage rate; depth to water table; slope; water- 
holding capacity; depth to layers that influence 
the rate of water movement such as a fragipan, 
a claypan, bedrock, and sand; and flooding or 
stream overflow. 


The engineering interpretations reported here do not 
eliminate the need for sampling and testing at the site 
of specific engineering works that involve heavy loads 
and where the excavations are deeper than the depths of 
layers reported in this soil survey. Even in these situa- 


* Prepared with the assistance of CARROLL M. HENNING, agricul- 
tural engineer, Soil Conservation Service. 
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tions, however, the soil map is useful in planning more 
detailed field investigations and in indicating the kinds 
of problems that may be expected. 

Some terms used by soil scientists have different mean- 
ings in soil science than they have in engineering. Among 
theterms that have special meaning in soil science are sand, 
silt, and clay. Many such terms are defined in the Glossary, 


Engineering classification of soils 

'The two systems most commonly used in classifying 
soils for engineering (2) are the AASHO system adopted 
by the American Association of State Highway Offi- 
clals (1) and the Unified system (7) used by the Soil 
Conservation Service, the Department of Defense, and 
other agencies. 

The AASHO system is used to classify soils according 
to those properties that affect use in highway construc- 
tion. In this system, a soil is placed in one of seven basic 
groups that range from A-1 through А-7 on the basis of 
grain-size distribution, liquid limit, and plasticity index. 
In group А-1 are gravelly soils of high bearing strength, 
or the best soils for road fill; at the other extreme are 
clay soils that have low strength when wet. The best 
soils for road fill are therefore classified А-1; the next 
best А-9, and so on to the poorest, which are classified 
А-7. If laboratory data are available, the A-1, A-2, and 
А-7 groups are subdivided as follows: A-1-a, A-1-b; 
А-9-4, А-9-5, A-9-6, A-9-7; and A-T-5, А-7-6. If 
801] material is near a classification boundary, it 18 
given a symbol showing both classes; for example, А-2 
or A4. Within each group, the relative engineering 
value of а soil material can be indicated by а group index 
number. Group indexes range from 0 for the best mate- 
rial to 20 for the poorest. The AASHO classification for 
tested soils, with index numbers in parentheses, for 
example A-7-6(10), is shown in table 8; the estimated 
classifications for all soils mapped in the survey area 15 
given in table 6. 

In the Unified system, soils are classified according to 
partiele-size distribution, plastieity, liquid limit, and 
organie-matter content. Soils are grouped in 15 classes. 
There are eight classes of coarse-grained soils, identified 
as GW, GP, GM, GC, SW, SP, SM, and SC; six classes 
of fine-grained soils, identified as ML, CL, OL, MH, CH, 
and ОН; and one class of highly organic soils, identified 
as Pt. Soils on the borderline between two classes are 
designated by symbols for both classes; for example 
SP-SM. 


Estimated engineering properties 


Table 6 provides estimates of soil properties important 
in engineering. The estimates are based on field classifica- 
tion and descriptions, on physical and chemical tests of 
selected representative samples, on test data from com- 
parable soils in adjacent areas, and on detailed experi- 
ence with the kinds of soil in the survey area. 

Depth to water table, as shown in table 6, is based on 
field observations. Depth to bedrock is not given, because 


soils in the survey area are deep enough that bedrock 
does ከ01 affect, their use. 

USDA texture is determined by the relative propor- 
tions of sand, silt, and clay in soil material that is less 
than 2.0 millimeters in diameter. 

Permeability, as used in table 6, relates only to move- 
ment of water downward through undisturbed and un- 
compacted soil. It does not include lateral seepage. The 
estimates are based on structure and porosity of the soil. 
Plowpans, surface crusts, and other properties that result 
from use of the soils are not considered. 

Available water capacity 1s the capacity of soils to 
store water available for use by most plants. It is com- 
monly defined as the difference between the amount of 
soil water at field capacity and the amount at wilting 
point. It is commonly expressed as inches of water per 
inch of soil. 

Reaction is the degree of acidity or alkalinity of а 
soll, expressed as a pH. value. The relative terms used to 
describe soil reaction are given in the Glossary. 

Shrink-swell potential 15 an indication of the volume 
change to be expected of the 801] material with changes in 
moisture content. Shrinking and swelling of soils cause 
mueh damage to building foundations, roads, and other 
structures. A high shrink-swell potential indicates haz- 
ards to the maintenance of structures built in, on, or with 
such materials. 


Engineering interpretations 


Table 7 eontains selected information useful to engi- 
neers and others who plan to use soil material in con- 
struction of highways, farm facilities, buildings, and 
sewage disposal systems. Detrimental or undesirable fea- 
tures are emphasized, but very important desirable fea- 
tures may also be listed. The ratings and interpretations in 
this table are based on estimated engineering properties of 
the soils im table 6; on available test data, including those 
in table 8; and on field experience. The information applies 
strictly only to the depths indicated in table 6, but 1t 1s 
reasonably reliable to а depth of about 5 ог 6 feet. In the 
columns headed “Soil limitations for,” the degree of limi- 
tation and principal reasons for assigning a moderate 
or severe degree of limitation are given. 

Septic tank filter fields are affected mainly by per- 
meability, location of water table, and susceptibility to 
flooding. 

Sewage lagoons are influenced chiefly by permeability, 
location of water table, and slope. 

Dwellings with basements are affected chiefly by fea- 
tures of the undisturbed soil that affect its capacity to 
support loads and resist settlement under loads and those 
that affect ease of excavation. Buildings of more than 
three stories and other buildings for which foundation 
loads would be in excess of those for three-story dwell- 
ings are not considered. 

Topsoil is a term used to designate a fertile soil or soil 
material, ordinarily rich in organic matter, used as a 
topdressing for lawns, gardens, roadbanks, and the like. 
The ratings indicate the suitability for such use. 
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TABLE 6.—Estimated soil properties 


[An asterisk іп the first column indicates that at least one mapping unit in this series is made up of two ог more kinds of soil. Весалзе these 


in the first column. Absence of data indicates the determination was not made. 
Classification 
Depth to | Depth from 
Soil series and map symbols water table surface 
USDA texture Unified AASHO 
Feet Inches 
Aastad? | AdA s eec E 6-10 0-16 | Clay loam_------------------- OL or CL А-7 
16-24 | Clay loam___.-.-------------- CL А-6 
24-60 | Цоваш----------------<------- СІ, А-6 
Alluvialland: Ай. 
Properties аге too variable to һе 
classified. 
Arveson: Ао---.------------------ 1-4 0-9 | Sandy clay loam__...--------- 80 ለ-6 
9-25 | Fine sandy Іо4т..------------ SM А-2 
25-60 | Fine sand-------------------- SP-8M А-8 
Arvilla: AsA, МВ, МС, АҒА........ `>10 0-7 | Sandy loam..._--.------------ SM А-2 
WAS: | Oats ы ML A-4 
18-60 | Gravelly coarse sand_---------- GP, GW, SM, | A-1 
or SP 
*Barnes: 8382, 8302, BIB2, BIC2__ >10 0-8 | Loam_...-------------------- МІ, ог 01, A-6 or А-7 
For properties of Langhei soils 8-18 | Loam_------------------------ СІ, А-6 or А-7 
іп 8182, and ВІС2, see the 18-60 | Цоаш....--..---.---.....-... CL А-б 
Langhei series. 
Beltrami: ВтА......-------------| 4-8 0-6 LOME aa ML A-4 
6-11 | Sandy loam------------------- 8M А-4 
11-34 | Sandy clay loam or clay loam...| 8С or CL А-б 
34-00 | Бовш-. тт መመ CL А-6 
Brophy: Bp_--------------------- 0-2 0-60 | Peat (fibric material) ---------- BE 
Сатов: Саа... 0-2 0-6 . Mucky (sapric material)}.------- р 
6-12 | Май (Ішшіс).---------------- PE 
12-60 | Mucky peat (hemic material)... | Pt -------------- 
Са Што: Cc..---------------+------ 0-2 0-41 | Muck (sapric material)... PPE авазазеви 
41-60 | Silt 108.......--------------- ML | А-4 
Cathro, sandy subsoil variant: Ch... 0-2 0-20 | Muck (saprie material)--------- Pb. (чат 
90-46 | Silty clay loam_--------------- СІ, А-6 
46-60 | Gravelly sand----------------- SP ог СР А-2 
Clarion: СІВ2, СІС2..-.----------- 7210 028: гг е тк нав МІ, ог OL А-6 
8-90 S 1 c саса መር መጋ СІ, А-6 
22-00: | DOA e CL А-6 
Clontarf: СтА...---..------------ 4-8 0-11 | Sandy loam_------------------- SM А-2 
| 11-22 | Sandy loam and loamy sand....| SM А-2 
29-00. 1! Май -ER SP А-2 | 
Colvin: | 
(e ооо ы ЗЕ 2-5 0-18 | Silt loam_--------------------- OL А-4 
18-60 | Silt loam___..---------------- ML А-4 
ен НЕТКЕН СЕН 0-2 0-28 | Silt loam- -------------------- OL А-7 
28-36 | Silt loam___....-------------- МІ, А-7 
36-60 | Silty clay І0аш......---------- CL A-6 
Darnen: DaA_.-.----------------- >10 0-30 | Loam_._-_-.----------------- | OL (3-4 
30-46 | Іоаш..------..-------------- | ML А-4 
46-60 | Loam__._.__..-.------.------ Ши? А-6 


See footnote at end of table. 
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The sign > means more than, and the sign < means less than.] 


(0.074 mm.) 


Percentage passing sieve— 
No.4 No. 10 No. 40 
(4.7 mm.) (2.0 mm.) | (0.42 mm.) 
95-100 90-100 90-100 
95-100 90-100 90-100 
95-100 90-100 85-95 
95-100 90-100 80-90 
95-100 90-100 70-85 
95-100 90-100 65-80 
95-100 85-100 | 60-70 
95-100 85-100 85-95 
40-60 25-40 10-20 
95-100 90-100 85-95 
95-100 90-100 85-95 
95-100 90-100 85-95 
95-100 90-100 85-95 
95-100 90-100 60-70 
95-100 90-100 80-100 
95-100 90-100 85-95 
ж 95-100 | — 95-100 | 90-100 
i 95-100 | 90-100, 95-100. 
30-60 20-85 10-20 
95-100 90-100 85-95 
95-100 90-100 85-95 
95-100 90-100 85-95 
95-100 90-100 60-70 
95-100 90-100 60-70 
85-100 80-90 51-70 
95-100 95-100 90-100 
05-100 95-100 90-100 
95-100 90-100 95-100 
95-100 90-100 90-100 
95-100 90-100 95-100 
95-100 90-100 85-95 
95-100 90-100 85-95 
95-100 90-100 85-95 
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Available 
Water capacity Reaction Shrink-swell potential 
Inches per inch 
of soil pH value 

0, 17-0. 19 6. 6-7. 3 | Moderate. 
0. 15-0. 19 7.4-7.8 | Moderate. 
0. 17-0. 19 7. 4-1. 8 | Moderate. 
0. 18-0. 20 7. 4-7. 8 | Moderate. 
0. 15-0, 17 1.4-1.8 | Low. 
0. 05-0. 07 7.4-7.8 | Том. 
0. 13-0. 15 6. 6-7. 3 | Low. 
0. 17-0. 19 6. 6-7.3 | Low. 
0. 02-0, 04 7.4-1.8 | Low. 
0. 20-0. 22 6. 6-7. 8 | Moderate. 
0, 17-0, 19 6. 6-7. 3 | Moderate. 
0. 17-0. 10 7. 4-7. 8 | Moderate. 
0. 20-0. 22 6. 6-7. 3 | Moderate. 
0. 13-0. 15 6. 6-7. 3 | Moderate. 
0. 15-0. 19 6. 1-7. 3 | Moderate. 
0. 17-0. 19 7. 4-7. 8 | Moderate. 

0. 25 6. 6-7.3 | Low. 

0. 25 6. 6-7. 8 | Low. 

0. 25 6. 6-7.3 | Low. 

0,25 6. 6-7.3 | Том. 

0, 25 6. 6-7.3 | Low. 
0. 20-0. 22 6. 6-7.8 | Low. 

0. 25 6. 6-7. 3 | Low. 
0. 18-0. 20 7.4-7.8 | High. 
0. 02-0. 04 7. 4-7.8 | Low. 
0. 20-0. 22 6. 6-7.3 | Moderate. 
0. 17-0. 19 6. 6-7.3 | Moderate. 
0. 17-0. 19 7. 4-7. 8 | Moderate. 
0. 13-0, 15 6.1-6.5 | Low. 
0. 09-0, 14 6.1-7.3 | Low. 
0. 05-0. 07 6. 6-7. 8 | Low. 
0. 22-0. 24 7. 4-7. 8 | Moderate. 
0. 20-0. 22 7. 4-1. 8 | Moderate. 
0 22-0. 24 7. 4-1. 8 | Moderate. 
0, 20-0. 22 7, 4-1. 8 | Moderate. 
0. 18-0. 20 7. 4-7. 8 | High. 
0, 20-0, 22 6. 6-7.8 | Low. 
0,17-0,19 6. 6-7.8 | Moderate. 
0. 17-0. 19 7.4-7.8 | Moderate. 
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TABLE 6— Estimated soil properties 


Classification 
Soil series and map symbols Depth to | Depth from 
water table surface 
USDA texture Unified AASHO 
Feet Inches 
Dassel: 
Про 2-4 0-8 Sandy loam_.___.---.---------| 8M А-2 
8-25 | Sandy loam and loamy sand. ..., SM А-2 
25-60. | Sad as ك‎ SP-SM A-3 
Devin ease E — 0-2 0-10 | Sandy 1оаш._.----------------- | SM А-2 
10-18 | Sandy clay loam-------------- 5С А-2 
18-60-| балб-.--..---с---ззе----зк-с- | SP-SM A-3 
Dorset: DoA, DoB, DoC, ОрА, >10 0-8 | Sandy loaM------------------- SM A-2 
DpB, DpC. 8-19 | Sandy loam_____-------------- SM A-2 
19-60 | Gravelly coarse sand----------- SP, SM, GP, A-1 
or GW 
Dovray: Пұ--.-----.-2----«------ 0-2 0-7 Mucky silty «Їау-------------- OH | А-7 
7-44 | Silty сіау--..----------------- CH | А-Т 
44-60 | Silty аау--------------------- CH А-7 
ЕТО Наочно зано 2-5 0-13 | Silty clay loam---------------- CL or OL A-7 
13-24 | Clay 0аш------------а---с-<- CL A-6 
24፡60: | 0а ee መው CL or ML A-6 or А-7 
Forada: 
Жз ቸም ቸም... 2-4 0-20 | Sandy loam------------------- SM А-2 
90298) | LOTS esase EES ML А-4 
28-60 | Coarse sand and gravel........- SPorGP | А-1 
КК Кек тен а 0-2 | 0-28 | Loam------------------------ ML or OL А-4 
| 28-60 | Coarse sand and gravel--------- SP оғ СР А-1 
*Forman: FmC2, FoB__..--------- >10 0-11 | Clay loam___.--.------------- CL or OL А-6 
For properties of Aastad soils 11-19 | Clay loam_.___----.---------- СІ, А-6 
іп ҒоВ, вес Aastad series. 19-60 | Clay loam____---.------------ CL А-б 
| 
ЕШаа Ес санаса е е ссе 1-4 0-7 | Silty в(ау..------------------- | MH or OH A-T 
7-36 | Silty «ау..------------------- CH А-7 
36-60 | Silty clay loam---------------- CL А-7 
Gonvick: GoA_._..--------------- 8-8 0-10 | Іоат 5 e | МІ, А-4 
10-29 | Clay loam__.__.---.---------- CL А-6 
99-60: Loa- -serros aaa ت‎ | OL А-б 
Hangaard: На..-----.--------<--- 1-4 0-13 | Sandy loam___---------------- SM А-2 
13-17 | Loamy coarse sand. ---------- SM А-2 
17-60 | Gravelly coarse sand...........| SP or GP А-1 
Hantho: HhA____.---------------- 3-8 0-16 | Silt loam____.__-_------------ OL А-4 
16-37 | Silt 1оаш...---...--.--------- ML А-4 
37-60 | Silt 10атп..-.-.---------------- ML | А-4 
Lake beaches: La, Lb. 
Properties are too variable to be 
classified. 
“Ташып LeF, 1202, LkD2, КЕ, >10 0-60 | Loam___..--.---------------- CL А-6 
wD. 
For properties of Barnes soils in 
LeD2; for properties of Wau- 
kon soils in LkD2, LkE, and 
LwD; for properties of Sioux 
soils in LwD, see their геврес- 
tive series. 
Maddock: MaA, MaB, МС... 10 | 0-60 | Fine sand_._._------.-------- | SP-SM ለ-3 
Marsh: Mh. | 
No classification possible; onsite 
investigation needed. 


See footnote at end of table. 
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Percentage passing sieve— 
Available 
| | Permeability | water capacity Reaction Shrink-swell potential 
No.4 No. 10 No. 40 No. 200 
(4.7 mm.) (2.0 mm.) | (0.42mm.) | (0.074 mm.) 
Inches per inch 
| Inches per hour of soil pH value 

95-100 90-100 60-70 20-35 2. 0-6. 0 0. 13-0. 15 6. 1-6. 5 | Low. 
95-100 90-100 50-70 20-35 2. 0-6. 0 0. 09-0. 14 5.6-6.5 | Low. 
95-100 90-100 51-70 5-10 >6. 0 0. 05-0. 07 6.6-7.8 | Low. 
95-100 90-100 60-70 20-35 2. 0-6. 0 0. 13-0. 15 6. 1-6. 5 | Low. 
95-100 90-100 80-90 20-35 2. 0-6. 0 0. 16-0. 18 6.6-7.8 | Low. 
95-100 90-100 51-70 5-10 >6.0 0. 05-0. 07 7.4-7.8 | Low. 
90-100 85-100 60-70 20-35 2. 0-6. 0 0. 13-0. 15 6. 1-6.5 | Low. 
90-100 85-100 60-70 20-35 2.0-6.0 0. 12-0. 14 6. 6-7. 3 | Low. 
30-60 25-40 10-20 2-12 6.0 0. 02-0. 04 7. 4-7.8 | Low. 
98-100 98-100 95-100 90-100 <0. 06 0. 12-0. 14 6.1-6.5 | High. 
98-100 98-100 95-100 90-100 < 0. 06 0. 11-0. 13 6. 6-7.3 | High. 
98-100 98-100 95-100 90-100 < 0.06 0. 10-0. 12 7.4-7.8 | High. 
95-100 90-100 95-100 70-90 0. 2-0. 6 0. 21-0. 23 6. 6-7. З | High. 
95-100 90-100 90-100 60-80 0. 6-2. 0 0. 15-0. 19 6. 6-7.3 | Moderate. 
95-100 90-100 85-95 60-80 0. 6-2. 0 0. 17-0, 19 7.4-7.8 | Moderate. 
95-100 90-100 60-70 25-45 2. 0-6. 0 0. 13-0. 15 6. 6-7. 3 | Low. 
95-100 90-100 85-95 50-80 2. 0-6. 0 0. 17-0. 19 6. 1-6. 5 | Low. 
30-60 25-40 10-20 2-5 6.0 0. 02-0. 04 7. 4-1. 8 | Low. 
95-100 90-100 85-95 50-80 2. 0-6. 0 0. 20-0. 22 6. 6-7. 3 | Moderate. 
30-60 25-40 10-20 2-5 >6. 0 0.02-0. 04 7. 4-1. 8 | Low. 
90-100 85-100 90-100 60-80 0.2-0.6 0, 17-0. 19 6.6-7.3 | High. 
90-100 85-100 90-100 60-80 0. 2-0. 6 0. 15-0. 19 6. 6-7. 3 | High. 
90-100 85-100 90-100 50-80 0. 2-0. 6 0. 14-0. 16 7.4-7.8 | High. 
98-100 95-100 95-100 90-100 0. 2-0. 6 0. 12-0. 14 6. 6-7. 3 | High. 
98-100 95-100 95-100 90-100 <0. 6 0. 11-0, 13 6. 6-7. 3 | High. 
98-100 95-100 95-100 80-100 <0. 2-0. 6 0. 18-0. 20 7. 4-7.8 | High. 
95-100 90-100 85-95 50-80 0. 6-2. 0 0. 20-0. 22 6. 6-7. 3 | Moderate. 
90-100 85-100 85-95 50-80 0. 6-2. 0 0. 15-0, 19 6. 6-7. 3 | Moderate. 
95-100 90-100 85-95 50-80 0. 6-2.0 0. 17-0. 19 7.4-1.8 | Moderate. 
95-100 90-100 60-70 20-35 2. 0-6. 0 0. 13-0. 15 7.4-7.8 | Пом. 
95-100 85-100 15-35 20-85 >6.0 0. 09-0, 11 7.4-7.8 | Low. 
30-60 25-40 10-20 2-5 26.0 0. 02-0, 04 7.4-7.8 | Low 
95-100 90-100 90-100 60-90 0. 6-2.0 0, 22-0, 24 6.6-7.3 | Low 
95-100 90-100 90-100 60-90 0. 6-2.0 0. 20-0. 22 6. 6-7. 3 | Low 
95-100 90-100 90-100 60-90 0. 6-2. 0 0. 20-0. 22 7. 4-7.8 | Low 
90-100 85-100 85-95 50-80 0. 6-2.0 0. 17-0. 19 7.4-7.8 | Moderate. 
95-100 95-100 65-80 5-10 >6. 0 0. 06-0. 09 6. 1-6. 5 | Low. 
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бой series and map symbols 


Marysland: 
| 
网 — 
МіШегуШе: Mp------------------- 
*Nebish: МЬВ, МЫС, МО, NeB, 


NeB2, NeC, NeC2, NeD, NeE, 
NhB, NhC. 
For properties of Dorset soils in 
NhB and NhC, see Dorset 
series. 


Nicollet: МА ил 


Nymore: NyB, МуС............... 


Osakis®: IOsSAQ2...... . e 


Зе — M—!M— Ü 
Е cr ወ азы 


8661769116: 


Shooker: 


Sinai: SIA, SIB... ccc Loss 


Sioux: SmB, SmC, SoC, Е. | 


Sverdrup: 


SpA, SpB, SpC, SvA..... 


1121166882. Meets 


See footnote at end of table. 


TABLE 6.— Estimated soil properties 


Classification 
Depth to | Depth from 
water table surface 
USDA texture Unified AASHO 
Feet Inches 
2-4 0-15 | ፲,0601.:.:::555==6=-‹መፎፍፍ e OL А-4 
15282: | Повесте анна аю МІ, А-4 
32-40 | Loamy fine sand. ------------- SM A-2 
40-60 | Gravelly coarse sand........... SP or GP A-1 
0-2 0-20 | Loam------------------------ A-6 
20-88 | Silty clay loam_---------- A-6 
38-60 | Gravelly coarse sand A-1 
0-2 0-24 | Mucky peat (hemic material) Р 1 ..------------ 
24-42 | Mucky silt loam______________ OL А-4 
42-60 | Silt loam- -------------------- ML А-4 
>10 0-4::Г Loan. ЕЕЕ osa ML or SM А-4 
3-9 | Sandy loam SM А-4 
9-33 | Sandy clay loam_-------------- SC or CL А-6 
33-60 | Loam____._.----------------- А-6 ог А-4 
4-8 0-14 | Clay loam_------------------- OL А-6 
14-28 | Clay loam-------------------- СІ, А-6 
28-60 | Loam_.__-------------------- СІ. А-6 
>10 0-12 | Loamy sand- --~--------------- SM А-2 
12-60 | Өайа..----------------------- SP-SM А-8 
4-8 0-14 | Loam------------------------ ML А-4 
14-18 | Gravelly loamy sand........... SM А-2 
18-60 | Gravelly coarse запд...-------- GP, GW, SP, А-1 
or SM 
0-2 0-8 | Mucky silty clay loam_________ OL А-7 
8-38 | Silty clay їйаш--—------------- CH А-7 
38-60 | Clay loam__----.-_----------- CL А-6 
0-2 0-60 | Mucky peat (hemie materia) - | Pt | ........-----. 
10 0-7 | Silt оаш—--.----------------- 05 ል-4 
7-22 | Silt 1оашш-.-.---------------- ML А-4 
22-60 | Silt 1оаш--------------------- ML А-4 
0-2 0-60 | Muck (saprie material)--------- Pe . | ሬጨሬጨ ጄቄ፡ጩ% 
2-5 0-16: | Lom... нано она s asss МІ, А-4 
16-24 | Sandy clay loam. ------------- SC А-6 
24-60 | Sandy Іоата .---.------------- SM А-4 
8-15 0-22 | СЇау-—------.----------------- CH А-Т 
22-60 | СЇау.---.--------------------- CH А-Т 
>10 0-9 | Loamy coarse sand____.-______ SM А-2 
9-60 | Gravelly coarse sand----------- СР, GW, ЗР, А-1 
or SW 
>10 0-14 | Sandy loam. 8м А-2 
14-20 | Loamy sand------------------ SM А-2 
20-60 | бад4.............----------- SP A-2 
2-5 0-16 | Шоат_----------------------- ML А-4 
16-87 | Clay loam. СІ, А-6 
87-00 | Loam СІ, А-6 
0-2 0-26 | Mucky silty clay loam_________ OL А-7 
26-60 | Silty clay 1оат_------.-------- ен A-7 
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significant to engineering— Continued 


Percentage passing sieve— 
Available 
Permeability | water capacity Reaction Shrink-swell potential 
No.4 No. 10 No. 40 No. 200 
(4.7 mm.) (2.0 mm.) | (0.42 mm.) | (0.074 mm.) 
Inches per inch 
Inches per hour of soil pH value 

95-100 90-100 85-95 50-80 0. 6-2. 0 0. 20-0. 22 7.4-7.8 | Low. 
95-100 90-100 85-95 50-80 0. 6-2. 0 0. 17-0. 19 7.4-7.8 | Low. 
95-100 90-100 90-95 15-25 >6. 0 0. 09-0. 11 7.4-7.8 | Low. 
40-60 25-50 10-20 2-5 >6.0 0. 02-0. 04 7.4-7.8 | Пом. 
95-100 90-100 85-05 50-80 0. 6-2. 0 0. 20-0. 22 7.4-7.8 | Low. 
95-100 90-100 95-100 70-85 0. 6-2. 0 0. 18-0. 20 7.4-7.8 | Moderate. 
40-60 25-50 10-20 2-5 >6. 0 0. 02-0. 04 7.4-7.8 | Том. 

""—————— ОР иа (5 0. 25 6.1-6. 5 | Low. 
95-100 95-100 90-100: 80-90 0. 6-2. 0 0. 20-0. 22 6.1-6.5 | Low. 
95-100 95-100 90-100 80-90 0. 6-2. 0 0. 20-0. 22 6. 6-7.3 | Low. 
95-100 90-100 85-95 40-70 0. 6-2. 0 0. 20-0. 22 6. 6-7. 3 | Low. 
95-100 90-100 60-70 36-50 2. 0-6. 0 0, 13-0. 15 6.6-7.3 | Low. 
95-100 90-100 80-90 36-75 0, 6-2. 0 0. 16-0. 18 5. 6-6. 5 | Moderate. 
95-100 90-100 85-95 50-75 0. 6-2. 0 0. 17-0. 19 7.4-7.8 | Moderate. 
95-100 90-100 90-100 65-80 0. 6-2. 0 0. 17-0. 19 6. 6- 8 | Moderate. 
95-100 90-100 90-100 65-80 0. 6-2. 0 0. 15-0. 19 6. 6-7. 3 | Moderate. 
95-100 90-100 85-95 60-75 0. 6-2. 0 0. 17-0. 19 7. 4-1.8 | Moderate. 
95-100 90-100 50-75 10-20 26.0 0, 10-0. 12 6. 1-6. 5 | Low. 
95-100 90-100 51-70 5-10 >6. 0 0. 05-0. 07 5. 6-7.3 | Low. 
90-100 80-95 85-95 50-80 0. 6-2.0 0. 20-0, 22 6. 1-6. 5 | Low. 
60-80 40-60 20-30 15-25 256.0 0. 03-0. 05 6. 6-7.3 | Low. 
25-50 20-40 10-20 2-12 >6.0 0. 02-0. 04 7,4-7.8 | Low. 

| 

95-100 | 90-100 95-100 80-90 0. 2-0. 6 0. 21-0. 23 6. 6-7.3 | High. 
95-100 | 90-100 95-100 80-90 0. 2-0. 6 0. 18-0. 20 6. 6-7. 3 | High. 

| 95-100 90-100 90-100 60-90 0, 2-0. 6 0. 14-0. 16 7.4-7.8 | High. 

Gu S s men CRI ERE НЕННЕ ЕЕ (5 0. 25 6. 6-7.8 | Low 

| 95-100 90-100 90-100 60-90 0, 6-2. 0 0, 22-0. 24 6.6-7.3 | Low. 

| 95-100 90-100 90-100 60-90 0. 6-2.0 0. 20-0. 22 6. 6-7.3 | Low. 

| 95-100 | 90-100 90-100 60-90 0. 6-2.0 0. 20-0, 22 7.4-7.8 | Low 

шаг ር ከሪዮ е ዕ 0.25 6. 6-7.3 | Low 

| 95-100 00-100 85-95 50-80 0. 6-2.0 0. 20-0. 22 6. 1-7. 3 | Low. 

| 95—100 90-100 | 80-90 35-50 0. 6-2. 0 0. 16-0. 18 6. 6-7. 3 | Moderate. 

| 95-100 90-100 | 60-70 35-50 0. 6-6. 0 0. 11-0. 13 6. 6-7. 8 | Moderate. 
95-100 95-100 | 90-100 90-100 < 0. 06 0. 11-0. 13 6. 6-7.3 | High. 
95-100 95-100 | 90-100 90-100 < 0. 06 0. 08-0. 10 7. 4-7. 8 | High. 
80-90 60-80 20-30 12-20 >6. 0 0. 10-0. 12 6. 6-7. 3 | Low. 
85-50 20-40 10-20 2-12 >6. 0 0, 02-0. 04 7.4-7.8 | Low. 
90-100 | 85-100 60-70 20-35 | 2. 0-6. 0 0. 13-0. 15 6. 6-7. 3 | Low. 
90-100 85-100 51-45 15-25 226.0 0. 09-0, 11 6. 6-7. 3 | Low. 
85-100 80-90 51-70 2-5 >6.0 0. 05-0. 07 7.4-7.8 | Low. 
95-100 90-100 85-95 50-80 0. 6-2. 0 0, 20-0. 22 6.1-6.5 | Moderate. 
95-100 | 90-100 90-100 60-80 0. 6-2. 0 0. 15-0. 19 6.6-7.3 | High. 
95-100 90-100 85-95 50-80 0. 6-2.0 0. 17-0. 19 6. 6-ኾ 8 | Moderate. 
95-100 90-100 95-100 80-90 0. 2-0. 6 0. 21-0. 23 7.9-8.4 | High. 
95-100 90-100 95-100 80-90 ' 0. 2-0. 6 0. 18-0. 20 7.9-8.4 High. 
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Soil series and map symbols 


Urness, peaty subsoil variant: Us.___ 


Vallers: ሃል... ዜመ ጨጨጨ... 


*Waukon: WaB, WaB2, Мас, 
WaC2, WaD, WaD2, WaE, WcB, 


меса, WIB2, WIC2, WsB2, WsC2. | 


For properties of Langhei soils 
in ሃሃ| 82, WIC2, WsB2, and 
WsC2; for properties of Sioux 
soils іп WsB2 and WsC2, see 
their respective series. 


*Zell: 
For properties of Rothsay soils, 
see Rothsay series. 


20.25... suyu ы | 


| 


SOIL SURVEY 


TABLE 6.—Estimated soil properties 


Classification 
Depth 10 | Depth from 
water table surface 
USDA texture Unified AASHO 
Feet Inches 
0-42 | Silt loam_________ c lll... OL À-4 
42-74 | Mucky peat (hemie material)...| Pb пп 

2-5 0-16 | Clay loam CL А-6 

16-60 | Тоаш-—-.-------------------- CL А-6 
>10 0-9. OAM зс м зз шз. ыг ML ог ОН А-4 ог А-7 

9-24 Saidy loam and sandy elay SC or SM A-6 

oam. 

24-60 | балау loam------------------- SM A-6 

710 0-7 Silt loam. .--------------- | ML À-4 

7-60 | Silt loam. uu ML A-4 

| 


1 Variable. 


TABLE 7.—Interpretations 


[An asterisk in the first column indicates that at least one mapping unit in this series is made up of two or more kinds of soil. Because these 


in the first column. Absence of data 


Soil limitations for— Suitability as a source of— 
Soil series and 
map symbols 
Septic tank Sewage lagoons Dwellings with Topsoil ! Sand and gravel 
filter fields basements 
Aastad: AaA.......... Moderate: mod- | Slight------------ Moderate: mod- | Fair: clay loam..| Not suitable------ 
erately well erately well 
drained; mod- drained; mod- 
erate permea- erate shrink- 
bility. swell potential. 
Alluvial land: Ad........... | Severe: flooding | Variable: check | Severe: flooding | Poor: poorly Not suitable. ..... 
hazard; high each site. hazard; high drained. 
water table. water table. 
Arveson: Ao---------------- Severe: water Severe: rapid Severe: poorly Poor: poorly Fair: source of 
table 1 to 4 permeability. drained; water drained. sand; water 
feet below sur- table 1 to 4 table 1 to 4 
face; poorly feet below feet below 
drained; pollu- surface. surface. 
tion hazard. 


See footnotes at end of table. 


significant to engineering—Continued 


DOUGLAS COUNTY, MINNESOTA 


of engineering properties 


Percentage passing sieve— 
Available 
Permeability | water capacity Reaction 
0.4 No. 10 No. 40 No. 200 
(4.7 mm.) (2.0 mm.) | (0.42 mm.) | (0.074 mm.) 
Inches per inch 
Inches per hour of soil pH value 
95-100 90-100 90-100 80-90 0. 6-2 0. 20-0. 22 7.9-8.4 | High. 
nene ma | cO раза ርመ. (1) 0. 25 6. 6-7. 8 | Low. 
90-100 90-100 90—100 60-80 0. 6-2. 0 0. 17-0. 19 7. 9-8. 4 | High. 
90-100 90-100 85-95 50-80 0. 6-2. 0 0. 17-0. 19 7. 4-1. 8 | Moderate. 
95-100 90-100 80-95 50-80 0. 6-2. 0 0, 20-0. 22 6. 6- 8 | Moderate. 
95-100 85-100 70-90 86-50 0, 6-2. 0 0, 15-0. 19 6.6-7.8 | Moderate. 
95-100 90-100 85-95 36-50 0, 6-2.0 0. 15-0. 17 7. 9-8. 4 | Moderate. 
95-100 90-100 90-100 60-90 0. 6-2. 0 0, 22-0, 24 7. 4-7.8 | Low. 
95-100 90-100 90-100 60-90 0, 6-2. 0 0. 20-0. 22 7. 4-1. 8 | Low. 
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Shrink-swell potential 


soils may have different properties and limitations, it is necessary to follow carefully the instructions for referring to other series that appear 
indicates the determination was not madel 


Suitability as 


8 source of—Con. Soil features affecting— 
Road fill? Farm pond Embankments, Agricultural Irrigation 
| reservoir areas dikes, and levees drainage sprinklers 
Fair: moderate | Moderate perme- | Fair stability; Not needed; | Soil features 
| Shrink-swell ability; im- fair compac- moderately favorable. 
potential; pervious when tion character- well drained. 
moderate sus- compacted. istics; low 
ceptibility to permeability 


frost action; 
moderately well 
drained. 


Poor: high water 
table; flood- 
ing hazard; 
check each site. 


Poor: water 
table 1 to 4 
feet below sur- 
face; poorly 
drained. 


High water table; 
flooding hazard; 
suitable for dug- 
out pits. 


Water table 1 to 4 
feet below sur- 
face; normally 
suited to dug- 
out pits; rapid 
permeability; 
poor resistance 


to piping. 


when compact- 
ed; good resist- 
ance to piping. 


Flooding hazard; 
high water 
table; variable 
material; check 
each site. 


Fair stability; 
high perme- 
ability when 
compacted; 
poor resistance 
to piping; 
water table 1 to 
4 feet below 
surface. 


Frequent flood- 
ing; outlets 
difficult to 
obtain; water 
table 1 to 5 
feet, below 
surface. 


Sand subsoil 
at depth of 
less than 2 
feet; water 
table 1 to 4 
feet below 
surface. 


Poorly drained. . 


Poorly drained. - 


Тегтасев and 
diversions 


Waterways 


Soil features 
favorable. 


| Not needed; 
nearly level. 


Not needed; 
nearly level. 


Soil features 


favorable. 


| Poorly drained. 


Poorly drained; 


shallow to 
sand. 
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SOIL SURVEY 


TABLE 7.—Interpretations 


Soil limitations for— Suitability as a source of 一 
Soil series and B 
map symbols 
Septic tank Sewage lagoons Dwellings with Topsoil 1 Sand and gravel 
filter fields basements 
Arvilla: АЗА, AsB, AsC, Slight: pollution | Severe: rapid Slight where Poor: thin sur- Good, but sand 
АҒА, hazard. permeability. slopes are less face layer. and gravel are 
than 8 percent. mixed. 
Moderate 
where slopes 
are more than 
8 percent. 
*Barnes: ВаВ2, BaC2, Slight where Moderate where Slight where Fair to poor, de- Not suitable. ----- 
BI B2, BIC2. slopes are less slopes are 2 to slopes are less pending on the 
For properties of Langhei | than 6 percent. 6 percent. than 8 percent. slope and the 
soils in BI B2, and Moderate Severe where Moderate thickness of 


ВІС2, see Langhei 
Series. 


where slopes 
are 6 to 12 per- 
cent. 

Severe where 
slopes are more 
than 12 
percent. 


Moderate: mod- 
erately well 
drained; mod- 
erate perme- 
ability. 


Beltrami: BmA............. 


Severe: water 
table 0 to 2 
feet below 
surface. 


Brophy: Bp................ 


Severe: water 
table 0 to 2 
feet below 
surface. 


Carlos: Са----------------- 


Cathro: Сс беуеге: water 
table 0 to 2 
feet below 


surfaee. 


See footnotes at end of table. 


where slopes 
are more than 
15 percent: 
moderate 
shrink-swell 
potential. 


slopes are more 
than 6 percent. 


Moderate: mod- 
erately well 
drained; mod- 
erate shrink- 
swell potential. 


Severe: organic 
soil; water 
table 0 to 2 
feet below 
surface. 


Severe: 


| 

organic | 
soil. | 
1 


Severe: organic 
soil; water 
table 0 to 2 
feet below 
surface. 


Severe: 
Soil. 


organie 


Severe: organic 
soil; water 
table 0 to 2 
feet below 
surface. 


organic 


surface layer. 


Fair: responsive | Not suitable... 
to fertilizer; 
medium fer- 
tility; surface 


layer is thin. 


Poor: organie Not suitable. ..... 
Soil; very 


poorly drained. 


Poor: organic Not suitable. ..... 
soil; very 


poorly drained. 


Poor: organic Not suitable. ..... 
soil; very 


poorly drained. 


of engineering properties —Continued 


DOUGLAS COUNTY, MINNESOTA 


Suitability as 
а source of— Con. 


Soil features affecting— 
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Road fill? Farm pond Embankments, Agricultural Irrigation Terraces and Waterways 
reservoir areas dikes, and levees drainage sprinklers diversions 
Good. Porous material; Upper layers have | Not needed; Features favor- | Shallow or 1 to | Shallow to 
rapid permea- fair stability somewhat ex- able; rapid in- 2 feet to sand sand and 
bility. | and moderate cessively take rate; and gravel; gravel; 
permeability drained. rapid per- difficult to droughty; 
when com- meability ; vegetate; erodible; 
pacted; sand low water- droughty. difficult to 
and gravel in holding vegetate. 
deeper layers capacity. 
have fair sta- 
bility and high 
permeability 
when com- 
pacted. 
Fair: moderate | Moderate per- Fair stability; Not needed; Features favor- | Irregular slopes; | Steep in places. 
shrink-swell meability ; fair compaction well drained. able; mod- features 
potential; mod- impervious characteristics; erate perme- favorable 
erate suscepti- when com- low permea- ability. where slopes 
bility to frost pacted. bility when are less than 
action. compacted; 12 percent. 
good resistance 
to piping. 


Fair: moderate 
shrink-swell 


potential; mod- | 


erate suscepti- 
bility to frost 
action; moder- 
ately well 
drained. 


Poor: organic 
soil; water 
table 0 to 2 
feet below 
surface; very 
poorly drained. 


Poor: organic 
soil; water 
table 0 to 2 
feet below 
surface; very 
poorly drained. 


Poor: organic 
soil; water 
table 0 to 2 
feet below 
surface; very 
poorly drained. 


Moderate per- 
meability ; 
impervious 
when com- 
расе. 


Organic soil; 
water table 0 to 
2 feet below 
surfaee; good 
for dug-out 
pits. 


Organic soil; 
water table 0 to 
2 feet below 
surface. 


Organic soil; 
water table 0 to 
2 feet below 
surface. 


Fair stability; 
fair compaction 
characteristics; 
low permea- 
bility when 
compacted; 
good resistance 
to piping. 


Organic soil; 
features 
unfavorable; 
water table 0 
to 2 feet below 
surface. 


Organic soil; 
features 
unfavorable; 
water table 0 to 
2 feet, below 
surface. 


18 to 51 inches of 
organic soil not 
suitable for 
embankments; 
deeper material 
fair stability 
and compaction 
characteristics 
when drained; 
water table 0 
to 2 feet below 
surface. 


1 


Not needed; 
moderately 
well drained. 


Water table 0 to 
2 feet below 
surface; 
drainage of 
surface and 
subsurface 
layers 
needed. 


Water table 0 to 
2 feet below 
surface; 
drainage of 
surface and 
subsurface 
layers 
needed. 


Water table 0 
to 2 feet 
below sur- 
face; drainage 
of surface 
and subsur- 
face layers 
needed. 


Features favor- 
able; generally 
not irrigated. 


Very poorly 
drained. 


Very poorly 
drained. 


Very poorly 
drained. 


Terraces and 
diversions 
generally not 
used; moder- 
ately well 
drained. 


Not needed ; 
very poorly 
drained. 


Not needed; 
very poorly 
drained. 


Not needed; 
very poorly 
drained. 


Soil features 
favorable. 


Very poorly 
drained. 


Very poorly 
drained, 


Very poorly 
drained. 
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SOIL SURVEY 


TABLE 7.—Interpretations 


Soil series and 
map symbols 


Soil limitations for— 


Suitability as а source of 一 


Septic tank Sewage lagoons Dwellings with Topsoil 1 бала and gravel 
filter fields basements 
Cathro, sandy subsoil variant: | Severe: water Ñevere: organic Severe: organic Poor: organic Not suitable______ 
Ch. table 0 to 2 Soil. soil; water soil; very 
feet below table 0 to 2 poorly drained 
surface. feet below 
surface. 
Clarion: CIB2, ር|ር2.............- Slight where Moderate where Slight where Good to fair, de- | Not suitable... 
slopes are less slopes are 2 to slopes are less pending on 
than 6 percent. 6 percent. than 8 percent. slope; surface 
Moderate where Severe where Moderate where layer is thin in 
slopes are 6 to slopes are more | slopes аге 8 to some places. 
12 percent. than 6 percent. 15 percent: 
moderate 
Shrink-swell 
potential. 
Clontarf: Ст А. .----------- Moderate: water | Severe: rapid Moderate: mod- | Fair: medium Good souree of 
table 4 to 8 feet permeability in erately well fertility; sandy sand. 
below surfaee; the sand. drained. loam surface 
pollution haz- layer. 
ard; moderate- 
ly well drained. 
Colvin: | 
Со аа ааыа Severe: water Moderate: ፲000- | Severe: poorly Poor: poorly Not suitable. 
table 2 to 5 feet erate perme- drained; water drained. 
below surface; ability; ML table 2 to 5 feet 
poorly drained. material. below surface; 
moderate 
shrink-swell po- 
tential. 
C ЗОНИ ክር ረ Severe: water Slight... Severe: very Poor: very Not suitable. 
table 0 to 2 poorly drained; poorly drained. 
feet below sur- water table 0 to 
face; frequently 2 feet below 
ponded. | surface; high 
i shrink-swell 
potential. 
Darnen: DaA............... Slight- 22 Slight |... Slight Good: thick Not suitable. 
surface layer. 


See footnotes at end of table. 


of engineering properties—Continued 


Suitability as 
a source of—Con. 


Road fill? 


Poor: organic 
soil; water 
table 0 to 2 
feet below 
surface; very 
poorly drained. 


Fair: moderate 
shrink-swell 
potential; mod- 
erate suscepti- 
bility to frost 
action. 


Good if confined. . 


Poor: poorly 
drained; high 
susceptibility 
to frost action. 


Poor: 
ly drained; 
high suscepti- 
bility to frost 
action. 


Fair: moderate 
susceptibility 
to frost action; 
moderate 
shrink-swell 

| potential. 


DOUGLAS COUNTY, MINNESOTA 
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Soil features affecting— 


very poor- 


Farm pond Embankments, Agricultural Irrigation Terraces and Waterways 
reservoir areas dikes, and levees drainage sprinklers diversions 
Organic soil; 18 to 51 inches of | Water table 0 Very poorly Not needed; Very poorly 
water table 0 to organic soil not to 2 feet be- drained. very poorly drained. 
2 feet below suitable for low surface; drained. 
surface. embankments; drainage of 
deeper material surface and 
fair stability subsurface 
and compaction layers 
characteristics needed. 
when drained; 
water table 0 
to 2 feet below 
surface. 
Moderate perme- | Fair stability; fair | Not needed; Features favor- | Irregular slopes; | Steep in places. 


ability; im- 
pervious when 
compacted. 


Porous material; 
rapid permea- 
bility. 


Suitable for dug- 
out pits; water 
table 2 to 5 
feet below sur- 
face; moderate 
permeability. 


Water table 0 to 2 
feet below sur- 
face; suitable 
for dug-out pits; 
moderately slow 
permeability. 


Moderate perme- 
ability; im- 
pervious when 
compacted. 


compaction 
characteristics; 
slow permea- 
bility when 
compacted; 
good resist- 
ance to piping. 


Fair stability; 
high permea- 
bility when 
compacted; 
poor resistance 
to piping. 


Poor stability ; 
fair compaction 
characteristics; 
low permea- 
bility when 
compacted; 
poor resistance 
to piping; wa- 
ter table 2 to 5 
feet below sur- 
face. 


Poor stability; 
fair compac- 
tion character- 
istics; moder- 
ate permeabil- 
ity when com- 
pacted; poor 
resistance to 
piping; water 
table 0 to 2 
feet below 
surface. 


well drained. 


Not needed; 
moderately 
well drained. 


Moderate per- 
meability ; 
water table 
2 to 5 feet 
below surface; 
drainage of 
surface and 
subsurface 
layers needed. 


Moderately 
slow perme- 
ability; water 
table 0 to 2 
feet below 
surface; 
drainage of 
surface and 
subsurface 
layers needed; 
frequently 
ponded. 


Thick surface lay- | Not needed; 


er has high 
organie-matter 
content and 
high compres- 
sibility. 


moderately 
well drained 
to well 
drained. 


able; moder- 
ate permea- 
bility. 


Features favor- 
able; low 
water-holding 
-сарасібу; 
rapid intake 
rate; mod- 
erately rapid 
permeability. 


Poorly drained__ 


Very poorly 
drained. 


Soil features 
favorable. 


features fa- 
vorable where 
slopes are less 
than 12 per- 
cent. 


Shallow to sand, 
which is 1 to 
2 feet below 
surface; mod- 
erately well 
drained ; 
droughty; 
erodible; 
difficult to 
vegetate. 


Not needed; 
poorly 
drained. 


Not needed; 
very poorly 
drained. 


Soil features 
favorable. 


Shallow to 
sand, which 
із 1 to 2 feet 
below surface; 
droughty; 
erodible; 
difficult to 
vegetate. 


Poorly drained; 
drainage 
needed before 
construction 
is begun. 


Very poorly 
drained; 
drainage 
needed before 
construction 
is begun. 


Soil features 
favorable. 
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SOIL SURVEY 


TABLE 7.—Interpretations 


бой series and 
map symbols 


801 limitations for— 


Suitability as a source of— 


Septic tank 
filter fields 


Dorset: DoA, DoB, DoC, 
DpA, DpB, DpC. 


Dovray: Оу........-««----- 


See footnotes at end of table. 


Severe: water 
table 2 to 4 
feet below sur- 
face; pollution 
hazard; poorly 
drained. 


Severe:. water 
table 0 to 2 
feet below sur- 
face; pollution 
hazard. 


Slight: pollution 
hazard. 


Severe: water 
table 0 to 2 feet 
below surface; 
very slow per- 
meability. 


Severe: water 
table 2 to 5 feet 
below surface; 
poorly drained. 


Sewage lagoons Dwellings with Topsoil ! Sand and gravel 
basements 
Severe: rapid Severe: poorly Poor: poorly Fair source of 
permeability. drained; water drained. sand; water 
table 2 to 4 table 2 to 4 
feet below feet below 
surface. surface. 
Severe: rapid Severe: very Poor: very Fair source of 
permeability. poorly drained; poorly drained. sand; water 
water table 0 to table 0 to 2 
2 feet below feet below 
surface. surface. 
Severe: rapid Slight where Poor: lowferti- | Good: mixed 
permeability. | slopes are less lity; responsive sand and 
| than 8 percent. to fertilizer; gravel. 
Moderate thin surface 
where slopes layer. 
are 8 to 15 
percent. 
5ЇЇЕМ..........---- Severe: water Poor: clayey Not suitable______ 
table 0 to 2 feet soil; very poor- 
below surface; ly drained. 
high shrink- 
swell potential; 
very poorly 
drained. 
БИЕМ À Severe: poorly Poor: water Not suitable... 
drained; water table 2 to 5 feet 
table 2 to 5 below surface; 
feet below sur- poorly drained. 
face; moderate 
shrink-swell po- 
tential. 


| 
| 
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surface, 


Road fill 2 Farm pond Embankments, Agricultural 
reservoir areas dikes, and levees drainage 

Fair: poorly Rapid permea- Fair stability; Sand subsoil 
drained. bility; water high perme- at depth of 

table 2 to 4 ability when less than 2 
feet below sur- compacted; feet; water 
face; generally poor resistance table 2 to 4 
suited to dug- to piping; feet below 
out pits; poor water table surface. 
resistance to 2 to 4 feet 

piping. below surface. 

Poor: very Rapid perme- Fair stability; Sand subsoil at 

poorly drained. ability; water high perme- depth of less 
table 0 to 2 ability when than 2 feet; 
feet below compacted; water table 
surface; gen- water table 0 0 to 2 feet 
erally suited to to 2 feet below below surface; 
dug-out pits; surface; poor frequently 
poor resistance resistance to ponded. 
to piping. piping. 

Good. .---------- Porous material; | Upper layers have | Not needed; 
rapid perme- fair stability somewhat ex- 
ability. and moderate cessively 

permeability drained. 
when com- 

pacted; sand 

and gravel in 

deeper layers 

have fair sta- 

bility and high | 
permeability 

when com- 

pacted. 

Poor: very Very slow perme- | Poor stability; Very slow per- 
poorly drained; ability. poor compac- meability ; 
high shrink- tion character- drainage of 
swell potential; isties; very surface and 
high suscepti- low permea- subsurface 
bility to frost bility when layers 
action. compacted; needed; water 

high shrink- table 0 to 2 
swell potential; feet below 
water table 0 to surface; fre- 
2 feet below quently 
surface. ponded. 

Poor: poorly Moderate perme- | Fair stability; Drainage of 
drained; mod- ability; water low permea- surface and 
erate shrink- table 2 to 5 feet bility when subsurface 
swell potential; below surface. compacted; layers need- 
high suscepti- good resistance ed; water 
bility to frost to piping; table 2 to 5 
action. water table 2 to feet below 

5 feet below surface; mod- 


erate perme- 
ability. 


Irrigation Terraces and Waterways 
sprinklers diversions 
Poorly drained..| Not needed; Poorly drained; 
poorly sand at 
drained. depth of 1 
to 2 feet. 
Very poorly Not needed; Very poorly 
drained. very poorly drained; sand 
drained. at depth of 
1 to 2 feet. 
Features favor- | Shallow to sand | Shallow to 
able; rapid and gravel, sand and 
intake rate; which are at gravel; 
rapid perme- depth of 1 droughty; 
ability; low to 2 feet; erodible; 
water-hold- difficult to difficult to 
ing capacity. vegetate; vegetate. 
droughty. 
Very poorly Not needed; Very poorly 
drained. very poorly drained ; 
drained. drainage 
needed before 
construction 
is begun. 
Poorly drained..| Not needed; Poorly drained; 
poorly drainage 
drained. needed before 
construction 
is begun. 
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Suitability as a source of— 


Soil series and 
map symbols 


SOIL SURVEY 


бой limitations for— 


TABLE 7.—Interpretations 


Septic tank 
filter fields 


*Forman: FmC2, foB........ 
For properties of Aastad 
soil in FoB; see Aastad 
series. 


Gonvick: СОА ....... 


See footnotes at end of table, 


Severe: water 
table 2 to 4 
feet below sur- 
face; poorly 
drained; pollu- 
tion hazard. 


Severe: water 
table 0 to 2 feet 
below surface; 
pollution ha- 
zard. 


Moderate where 
slopes are 2 to 
12 percent; 


moderately slow | 


permeability. 


Severe: poorly 
drained; water 
table 1 to 4 
feet below sur- 
face; slow to 
very slow per- 
meability. 


Moderate: mod- 
erately well 
drained; mod- 
erate регте- 
ability. 


Sewage lagoons 


Dwellings with 


basements 
Severe: rapid | Severe: poorly 
permeability. drained; water 
table 2 to 4 feet 
below surface. 
Severe: rapid | Severe: water 
permeability. table 0 to 2 feet 


below surface; 
very poorly 


drained. 
Moderate where | Severe: high 
slopes are 2 to} | shrink-swell 
6 percent. potential. 
Severe where 
slopes are more 
, than 6 percent. 

Slight. Severe: water 
table 1 to 4 feet 
below surface; 
high shrink-swell 
potential; poorly 
drained. 

Ви -.--- Moderate: mod- 


erately well 
drained; mod- 
erate shrink- 
swell potential. 


Topsoil ! 


Poor: water 
table 2 to 4 feet, 
below surface; 
poorly drained. 


Poor: water 
table 0 to 2 feet 
below surface; 
very poorly 
drained. 


Fair where slopes 
are 6 to 12 per- 
cent; clay loam | 
surface layer; 
surface layer is 
thin in some 
places. 


Poor: water 
table 1 to 4 
feet below sur- 
face; poorly 
drained. 


Fair to poor, de- 
pending on 
thickness of 
surface layer. 


Good: 


Good: 


Sand and gravel 


sand and 
fine gravel; 
water table 2 to 
4 feet below 
surface. 


sand and 
gravel; water 
table 0 to 2 feet 
below surface. 


Not suitable... 


Not suitable... 


Not suitable... 
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Soil features affecting— 


Road fill 2 


Poor: poorly 
drained. 


Poor: very 
poorly drained. 


Fair: moderate 
shrink-swell 
potential; mod- 
erate susecpti- 
bility to frost 
action. 


Poor: poorly 
drained; high 
shrink-swell 
potential; high 
susceptibility 
to frost action. 


Fair: moderate 
shrink-swell 
potential; mod- 
erate suscepti- 
bility to frost 
action. 


Moderately slow 


permeability; 
impervious 
when com- 
pacted. 


Very slow to slow 


permeability ; 
water table 

1 to 4 feet 
below surface. 


Moderate perme- 
ability ; imper- 
vious when 
compacted. 


pacted; water 
table 0 to 2 feet 
below surface. 


Fair stability and 


compaction 
characteristics; 
low permea- 
bility when 
compacted; 
good resistance 


to piping. 


Poor stability; 


poor compac- 
tion character- 
istics; low 
permeability 
when com- 
pacted; high 
shrink-swell 
potential; water 
table 1 to 4 
feet below 
surface. 


Fair stability and 


compaction 
characteristics; 
low perme- 
ability when 
compacted; 
good resistance 
to piping. 


Not needed; 
well drained. 


Slow to very 
slow perme- 
ability ; 
water table 
1 to 4 feet 
below sur- 
face; drainage 
of surface 
and subsur- 
face layers 
needed. 


Not needed; 
moderately 
well drained. 


Suitability 
doubtful; 
moderately 
slow permea- 
bility. 


Poorly drained. . 


Features favor- 
able; gener- 
ally not 
irrigated. 


Irregular slopes; 
features fa- 
vorable where 
slopes are less 
than 12 per- 
cent. 


Not needed; 
poorly 
drained. 


Terraces and 
diversions 
generally not 
used; mod- 
erately well 
drained. 


Farm pond Embankments, Agricultural Irrigation Terraces and Waterways 
reservoir areas dikes, and levees drainage sprinklers diversions 

Rapid permea- Upper 2 to 3 feet | Sand and gravel | Poorly drained. - Not needed; Poorly drained; 
bility; water has fair stabili- subsoil 2 to poorly drainage 
table 2 to 4 feet ty and moder- 3 feet below drained. needed before 
below surface; ate permea- surface; water construction 
generally suited bility when table 2 to 4 is begun. 
to dug-out compacted; feet below 
ponds. sand and gravel surface. 

below this 
depth has high 
permeability 
when compact- 
ed; water table 
2 to 4 feet be- 
low surface. 

Rapid permea- Upper 2 to 3 feet | Sand and gravel | Poorly drained..| Not needed; Very poorly 
bility; water has fair stabili- subsoil 2 to 3 poorly drained; 
table 0 to 2 feet ty and moder- feet below drained. needs drain- 
below surface; ate permea- surface; water age before 
generally suited bility when table 0 to 2 construction 
to dug-out pits. compacted; feet below is begun. 

sand and gravel surface; fre- 
below this quently 
depth has high ponded. 
permeability 

when com- 


Steep in places. 


Poorly drained; 
drainage 
needed 
before con- 
struction is 
begun. 


Soil features 
favorable. 
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Soil series and 
map symbols 


SOIL SURVEY 


бой limitations for— 


TABLE 7.—Jnterpretations 


Suitability as а source of 一 


Septic tank Sewage lagoons Dwellings with Topsoil ! 
filter fields basements 

Hangaard: Ha-------------- Severe: poorly Severe: rapid Severe: water Poor: water 
drained; water permeability. table 1 to 4 feet table 1 to 4 feet 
table 1 to 4 below surface; below surface; 
feet below sur- poorly drained. poorly drained. 
face; pollution 
hazard. 

Hantho: HhA--------------- Moderate: mod- | Moderate: mod- | Slight------------ Good: fertile 
erately well erate perme- soil; silt loam 
drained; mod- ability. texture. 
erate perme- 
ability. 

Lake beaches: i 

[ann n ርር... Severe: pollution Severe: rapid Severe: high Poor: sandy 
hazard; check permeability. water table; texture. 
each site. check each site. 

Со а ሚሚ Ñevere: high Severe: rapid Severe: high Poor: high | 
water table; permeability. water table; water table, 
check each site. check each site. 

*Langhei: LeF, LgD2, LkD2, | Slight where Moderate where Slight where Poor: thin sur- 

ШКЕ, LwD. slopes are less slopes are 2 to 6 slopes are less face layer; 


For properties of Barnes 
soils in LgD2, for prop- 
erties of Waukon soils 
in LkD2, LkE, and 
LwD; for properties of 
Sioux soils in LwD, see 
their respective series. 


Maddock: МаА, МаВ, MaC.. 


Marsh: Mh. 
Properties too variable 
to classify. 


See footnotes at end of table, 


than 6 percent. 
Moderate where 
slopes are 6 to 
12 percent. 
Severe where 
slopes are more 
than 12 percent. 


| Moderate: fine 
sand; pollution 
hazard. 


percent. Severe 
where slopes are 
more than 6 
percent. 


Severe: rapid 
permeability. 


than 8 percent. 
Moderate where 
slopes are 8 to 
15 percent. 
Severe where 
slopes are more 
than 15 percent: 
moderate 
shrink-swell 
potential. 


Slight where 
slopes are less 
than 8 percent. 
Moderate 
where slopes 
are more than 
8 percent. 


slopes up to 40 
percent. 


Poor: sandy 
texture. 


Sand and gravel 


Good: stratified 
sand and gravel; 
high water | 
table 1 to 4 feet 
below surface. 


Not suitable... 


Poor: graveland 
sand mixed; 
high water 
table. 


Not suitable...... 


Not suitable...... 


Fair source of 
fine sand. 
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Soil features affecting— 


Road fill ? Farm pond Embankments, Agricultural Irrigation Terraces and 
reservoir areas dikes, and levees drainage sprinklers diversions 

Poor: poorly Rapid permea- Fair stability; Sand and gravel | Poorly drained. -| Not needed; 
drained. bility; water high permea- at depth of poorly 

table 1 to 4 bility when less than 2 drained. 
feet below sur- compacted; feet; water 
face; generally water table 1 table 1 to 4 
suited to dug- to 4 feet below feet below 
out pits. surface; fair surface. 
resistance to 
piping. 

Poor: high sus- | Moderate perme- | Poor stability; Not needed; Soil features Soil features 
ceptibility to ability; poor fair compac- moderately favorable. favorable. 
frost action. resistance to tion character- well drained. 

piping. istics; moderate 
permeability 
when com- 
pacted; poor 
resistance to 
piping. 

Poor to fair: Rapid perme- High permeability | Needed in some | Check each Not needed... 
check each site. ability; check when compacted; | areas; gen- site; suit- 

each site. fair stability ; erally no suit- ability 
check each site. able outlets. doubtful. 

Poor to fair: High water table; | High water table; | Needed in Chick each Not needed... 
check each moderate to fair stability ; some areas; site; suit- 
site. rapid perme- check each generally no ability 

ability; check site. suitable out- doubtful. 
each site. lets. 

Fair to poor Moderate perme- | Fair stability and | Not needed; Steep in places_.| Irregular slopes; 
depending on ability; im- compaction; somewhat medium fer- 
slope; mod- pervious when low perme- excessively tility; fea- 
erate shrink- compacted. ability when drained. tures favor- 
swell potential; compacted; able where 
moderate sus- good resistance slopes are 
ceptibility to to piping. less than 
frost action. 12 percent. 

Good if confined--| Rapid permeabili- | Fair stability; Not needed; Very droughty; | Difficult to 

ty; porous sub- high perme- well drained. rapid intake vegetate; 
stratum; poor ability when rate; very erodible; 
resistance to compacted; poor low water- sandy sub- 
piping. resistance to holding ca- stratum; very 
piping. pacity ; fre- droughty. 
quent appli- 
cation of 


water needed. 
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Waterways 


Poorly drained; 
unfavorable 
soil material 
at depth of 
less than 2 
feet. 


Soil features 
favorable. 


Check each 
site, 


Cheek each 
site. 


Steep in places. 


Very droughty; 
difficult to 
vegetate; 
erodible. 
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бой series and 
map symbols 


Soil limitations for— 


SOIL SURVEY 


TABLE 7.— Interpretations 


Suitability as a source of 一 


Septic tank | Sewage lagoons Dwellings with Topsoil 1 Sand and gravel 
filter fields basements 
Marysland: 
ተይ ቹቹ ርው ee Severe: water Severe: rapid Severe: poorly Poor: poorly Good: stratified 
table 2 to 4 permeability. drained; water drained; water sand and 
feet below sur- table 2 to 4 table 2 to 4 gravel; water 
face; pollution feet below feet below table 2 to 4 
hazard; poorly surface. surface. feet below 
drained. surface. 
10፡2 ር ረ. Severe: water Severe: rapid Severe: very Poor: water Good: stratified 
table 0 to 2 feet permeability. poorly drained; table 0 to 2 feet sand and 
below surface; water table 0 below surface; gravel; water 
pollution to 2 feet below very poorly table 0 to 2 feet 
hazard. surface. drained. below surface. 
Millerville: Mp------------- Severe: water Severe: organic Severe: organic Poor: organic Not suitable. ..... 
table 0 to 2 soil. soil; water soil. 
feet below table 0 to 2 
surface. ` feet below 
surface; very 
poorly drained. 
*Nebish: NbB, МЫС, МЬО, Slight where Moderate where | Slight where Poor: thin Not suitable______ 


NeB, NeB2, NeC, NeC2, 
NeD, NeE, NhB, NhC. 
For properties of Dorset 
soils in NhB and МАС, 
see Dorset series. 


Nicollet: NIA 


See footnotes at end of table. 


slopes are less 
than 6 percent. 
Moderate 
where slopes 
are 6 to 12 
percent. Severe 
where slopes 
are more than 
12 percent. 


Moderate: mod- 
erately well 
drained; mod- 
erate perme- 
ability. 


slopes are 2 to 
6 percent. 
Severe where 
slopes are more 
than 6 percent. 


slopes are 0 to 
8 percent. 
Moderate 
where slopes 
are 8 to 15 
percent. Severe 
where slopes 
are more than 
15 percent: 
moderate 
shrink-swell 
potential. 


Moderate: mod- 
erately well 
drained; mod- 
erate shrink- 
swell potential. 


surface layer; 
slopes up to 
24 percent. 


Fair: surface 
layer 8 to 16 
inches thick. 


Not suitable.....- 
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-一 一 


Suitability as 
а source of 一 Con， 


Soil features affecting 一 


Road fill 2 


Farm pond 
reservoir areas 


Embankments, 
dikes, and levees 


Agricultural 
drainage 


Irrigation 
sprinklers 


Terraces and 
diversions 


Poor: poorly 
drained. 


Poor: very 
poorly drained. 


Poor: organic 
soil; very 
poorly drained. 


Fair to poor, 
depending on 
slope; moderate 
susceptibility 
to frost action. 


Fair: moderate 
shrink-swell 
potential; sus- 
ceptibility to 
frost action; 
moderately 
well drained. 


Water table 2 to 4 
feet below sur- 
face; rapid per- 
meability; gen- 
erally suited 
to dug-out pits. 


Water table 0 to 
2 feet below 
surface; rapid 
permeability ; 
generally suited 
to dug-out pits. 


Organic soil; 
water table at 
depth of less 
than 2 feet. 


Moderate 
permeability ; 
impervious 
when 
compacted. 


Moderate permea- 
bility; im- 
pervious when 
compacted. 


Upper 2 to 3 feet 
has fair stability 
and moderate 
permeability 
when compact- 
ed; coarse sand 
and gravel 
below 2 to 3 
feet has high 
permeability 
when compact- 
ed; water table 
2 to 4 feet 
below surface. 


Upper 2 to 3 feet 
has fair sta- 
bility and mod- 
erate permea- 
bility when 
compacted; 
coarse sand and 
gravel below 2 
to 3 feet has 
high permea- 
ability when 
compacted; 
water table 0 to 
2 feet below 
surface. 


18 to 51 inches of 
organic soil not 
suitable for 
embankments; 
deeper material 
has fair sta- 
bility and 
compaction 
characteristics 
when drained; 
water table 0 to 
2 feet below 
surface. 


Fair stability and 
compaction 
characteristics; 
low permea- 
bility when 
compacted ; 
good resistance 
to piping. 


Fair stability and 
compaction 
characteristics; 
low permea- 
bility when 
compacted; 
good resistance 
to piping. 


Sand and gravel 
2 to 3 feet 
below surface; 
water table 
2 to 4 feet 
below sur- 
face. 


Sand and 
gravel 2 to 3 
feet below 
surface; water 
table 0 to 2 
feet below 
surface. 


Water table 
0 to 2 feet 
below sur- 
face; surface 
and subsur- 
face drainage 
needed. 


Not needed; 
well drained. 


Not needed; 
moderately 
well drained. 


Poorly drained. - 


Very poorly 
drained. 


Very poorly 
drained. 


Well drained... 


Soil features 
favorable. 


Not needed; 
nearly level. 


Not needed; 
very poorly 
drained. 


Not needed; 
very poorly 
drained. 


Irregular 
slopes; fea- 
tures favor- 
able where 
slopes are 
less than 
12 percent. 


Soil features 
favorable. 


Waterways 


Poorly drained; 
sand and 
gravel 2 to 3 
feet below 
surface. 


Very poorly 
drained; sand 
and gravel 2 
to 3 feet 
below surface. 


Very poorly 
drained. 


Steep in places. 


Soil features 
favorable. 
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Soil series and 
map symbols 


SOIL SURVEY 


TABLE 7.— Interpretations 


Soil limitations for 一 


Suitability as a source of— 


Septic tank Sewage lagoons Dwellings with Topsoil 1 Sand and gravel 
filter fields basements 

Nymore: NyB, УуС Moderate: sand | Severe: rapid | Slight where Poor: sandy Fair source of 
substratum ; permeability. | slopes are less texture. sand. 
pollution than 8 percent. 
hazard. Moderate 

where slopes 
&re more than 8 
percent. 

Osakis: OsA___. ___ | Moderate: mod- | Severe: rapid Moderate: mod- | Poor: low Good, but sand 
erately well permeability. erately well fertility; thin 18 mixed with 
drained pol- drained. surface layer. gravel. 
lution hazard. 

і 

Quam: Оин Severe: water ВВ À Severe: water Poor: water Not suitable... 
table 0 to 2 feet table 0 to 2 feet table 0 to 2 feet 
below surface; below surface; below surface; 
moderately slow high shrink- very poorly 
permeability. swell potential; drained. 

very poorly 
drained. 

Rifle: Rm Severe: water Severe: organic | Severe: organic | Poor: organic Not suitable. ...... 
table 0 to 2 feet soil. soil; water soil. 
below surface. table 0 to 2 feet 

below surface; 
very poorly 
drained. 

Rothsay: КВ. Slight where slopes | Moderate: Slight- 2...2... Fair: surface Not suitable______ 
are less than 6 moderate layer may be 
percent. permea- thin in some 
Moderate where bility; ML places. 
slopes are 6 to material; 2 to 
12 percent. 6 percent 

slopes. 

Seelyeville: в Severe: water Severe: organic | Severe: organic | Poor: organic Not suitable... 
table 0 to 2 soil, soil; water soil. 
feet below table 0 to 2 
surface. feet below 


See footnotes at end of table, 


surface; very 
poorly drained. 
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Suitability as 
a source of—Con. 


Soil features affecting— 


Road fill? 


Good if confined. . 


Poor: very 
poorly drained; 
high suscepti- 
bility to frost 
action; high 
shrink-swell 
potential. 


Poor: organic 
soil; very 
poorly 
drained. 


Poor: high 
susceptibility to 
frost action. 


Poor: organic 
Soil; very 
poorly drained. 


Farm pond Embankments, Agricultural Irrigation Terraces and Waterways 
reservoir areas dikes, and levees drainage sprinklers diversions 
Rapid permea- Fair stability; Not needed; Very droughty; | Sandy substra- | Very droughty; 


bility; porous 
substratum; 
poor resistance 
to piping. 


Rapid permea- 
bility; porous 
material; good 
resistance to 


piping. 


Water table 0 to 
2 feet below 
Surface; moder- 
ately slow 
permeability ; 
generally suited 
to dug-out pits. 


Organic soil; 
water table 0 
to 2 below 
surface. 


Moderate perme- 
ability; poor 
resistance to 
piping. 


Organic soil; 
water table 0 to 
2 feet below 
surface. 


high permea- 
bility when 
compacted; 
poor resistance 
to piping. 


Upper layers 
have fair sta- 
bility and mod- 
erate permea- 
bility when 
compacted; 
sand and 
gravel in 
deeper layers 
have fair 
stability and 
high perme- 
ability when 
compacted. 


Fair stability; 
low permea- 
bility when 
compacted; 
good resistance 
to piping; 
water table 0 
to 2 feet below 
surface. 


Organic soil; 
features un- 
favorable; 
water table 
0 to 2 feet 
below surface. 


Poor stability; 
fair compaction 
characteristics; 
moderate 
permeability 
when com- 
pacted; poor 
resistance to 


piping. 


Organie soil; 
features un- 
favorable; 
water table 0 to 
2 feet below 
surface. 


well drained. 


Not needed; 
moderately 
well drained 


Moderately 
slow permea- 
bility; water 
table 0 to 2 
feet below 
surface; 
drainage of 
surface and 
subsurface 
layers 
needed. 


Water table 
0 to 2 feet 
below sur- 
face; drain- 
age of sur- 
face and 
subsurface 
layers 
needed. 


Not needed; 
well drained. 


Water table 0 
to 2 feet 
below surface; 
drainage of 
surface and 
subsurface 
layers needed. 


rapid intake 
rate; very 
low water- 
holding ca- 


pacity ; steep. 


Features favor- 
able; rapid 
intake rate; 
rapid perme- 
ability; low 
water-hold- 
ing capacity. 


Very poorly 
drained. 


Very poorly 
drained. 


Soil features 
favorable. 


Very poorly 
drained. 


tum; erodible; 
difficult to 
vegetate. 


Shallow or 1 
to 2 feet to 
sand and 
gravel; 
difficult to 
vegetate; 
moderately 
well 
drained. 


Not needed; 
very poorly 
drained. 


Not needed; 
very poorly 
drained. 


Irregular 
slopes; 
features 
favorable 
where slopes 
are less than 
12 percent. 


Not needed; 
very poorly 
drained. 


difficult to 
vegetate; 
erodible; sand 
substratum. 


Shallow or 1 
to 2 feet to 
sand and 
gravel; 
diffieult to 
vegetate; 
erodible. 


Very poorly 
drained; 
drainage 
needed before 
construction 
is begun. 


Very poorly 


drained. 


Steep in places. 


Very poorly 
drained. 
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SOIL SURVEY 


TABLE 7.— Interpretations 


Soil limitations for— Suitability as a source of— 
Soil series and 
map symbols ፡ 
Septic tank Sewage lagoons Dwellings with Topsoil 1 Sand and gravel 
filter fields basements 
Shooker: Sh...............- Severe: poorly Өре... Severe: poorly Poor: water Not вийа е. __- 
drained; water drained; water table 2 to 5 
table 2 to 5 table 2 to 5 feet below sur- 
feet below feet below sur- face; poorly 
surface. face; moderate drained. 
shrink-swell 
potential. 
Sinai: SIA, МВ ... Lc... Severe: very Slight- .. Severe: high Poor: clayey Not suitable... 
slow permea- shrink-swell 808. 
bility; mod- potential; mod- 
erately well erately well 
drained. drained. 
Sioux: 5በ 8, SmC, 500, Slight where Severe: very Slight where Poor: shallow Good, but sand 
5о Е. slopes are less rapid perme- slopes are less and coarse is mixed with 
than 6 percent. ability. than 8 percent. textured. gravel. 
Moderate Moderate 
where slopes where slopes 
are 6 to 12 per- are 8 to 15 per- 
cent. Severe cent. Severe 
where slopes where slopes 
are more than are more than 
12 percent: 15 percent. 
pollution 
hazard. 
Sverdrup: SpA, SpB, SpC, Slight where Severe: rapid Slight where Poor: medium Good source of 
5ሃለ. slopes are less permeability. slopes are less fertility; slopes sand; some 
than 6 percent. than 8 percent. up to 12 per- fine gravel. 
Moderate Moderate cent; thin sur- 
where slopes where slopes face layer. 
are 6 to 12 per- are more than 
cent: pollution 8 percent. 
hazard. 
Топка: To................- Severe: poorly Slight. Severe: poorly Poor: water Not suitable...... 
drained; water drained; water table 210 5 
table 2 to 5 table 2 to 5 feet below sur- 
feet below feet below sur- face; poorly 
surface. face; moderate drained. 
shrink-swell 
potential. 
Urness: Шри Severe: water Slight below а Severe: water Poor: water Not suitable. ..... 
table 0 to 2 feet depth of 24 to table 0 to 2 feet table 0 to 2 feet 
belowsurface; |  60inches. below surface; below surface; 
moderately slow high shrink- very poorly 
permeability. swell potential. drained. 


See footnotes at end of table. 
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swell potential. 


Ga6d e Very rapid perme- | Good stability; Not needed; Very low water- | Very shallow 
ability; porous high perme- excessively holding ca- to sand and 
material. | ability when drained. pacity; rapid gravel; 

compacted. intake rate; droughty. 
steep in | 


places; grav- | 
velly coarse 


sand sub- 
stratum at 
depth of less 
than 1 foot. 

Good if confined_.| Rapid perme- Fair stability ; Not needed; Low water- Sand 1 to 2 
ability; porous high perme- somewhat holding ca- feet below 
substratum; ability when excessively pacity; rapid surface; 
poor resistance compacted; drained. intake rate; erodible; 
to piping. poor resistance | rapid perme- difficult to 

to piping. | ability. vegetate; 
droughty. 

| 

| 

Poor: poorly Moderate perme- | Fair stability; ' Drainage of sur- | Poorly drained- -| Not needed; 
drained; mod- ability; water low permeabil- face and sub- | poorly 
erate suscep- table 2 to 5 feet ity when com- surface layers : drained. 
tibility to frost below surface. pacted; good re- needed; water ` 
&ction; moder- sistance to pip- table 2 to 5 
&te shrink-swell ing; water table feet below 
potential. 2 to 5 feet below surface; mod- 

surface. erate perme- 
ability. 

Poor: very Moderately slow Upper 2 to 5 feet Drainage of : Very poorly Not needed; 
poorly drained; permeability; not suitable; surface and drained. very poorly 
high shrink- water table 0 to high organic- subsurface drained. 
swell potential; 2 feet below matter con- layers needed; 
high suscepti- surface. tent; deeper moderately 
bility to frost material has fair slow perme- 
action. stability and | ability; water 

low permeabil- | table at depth 
ity when com- of less than 2 
pacted; water feet. 

table 0 to 2 feet 


below surface. | 


a source of-—Con. Soil features affecting— 
Road fill? Farm pond , Embankments, Agricultural Irrigation Terraces and Waterways 
reservoir areas dikes, and levees drainage sprinklers diversions 
-— А | 
! | 

Poor: poorly Moderate per- Fairstability and | Drainage of Poorly drained__| Not needed; | Poorly drained; 
drained; mod- meability ; compaction surface and poorly | drainage 
erate shrink- water table 2 to characteristics; subsurface drained. needed before 
swell potential; 5 feet below | low permea- layers needed; eonstruction 
moderate sus- surface. bility when water table is begun. 
eeptibility to compacted; 2 to 5 feet 
frost action. good resistance below surface; 

| to piping; moderate 

| water table 2 to permeability. 
5 feet below 
surface. 

Poor: high Very slow permea- | Poor stability; Not needed; Deep soil; slow | Moderately well | Clayey сошрас! 
shrink-swell bility. | poor compac- moderately intake rate. drained; subsoil; poor 
potential; high i tion character- well drained. clayey com- workability. 
susceptibility | isties; very pact subsoil; 
to frost action. low permea- poor work- 

bility when ability. 
compacted; 
high shrink- 


Very shallow 
to sand and 
gravel; 
erodible; 
difficult to 
vegetate; 
droughty. 


Sand 1 to 2 
feet below 
surface; 
erodible; 
difficult to 
vegetate; 
droughty. 


Poorly drained; 
drainage 
needed before 
construction 
is begun. 


Very poorly 
drained; 
drainage 
needed 
before con- 
struction is 
begun. 
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Soil limitations for— 


map symbols 
Septic tank 
filter fields 


Severe: water 
table 0 to 2 
feet below 
surface. 


Urness, peaty subsoil variant: 
Us, 


Valles: Ма Severe: poorly 
drained; water 
table 2 to 5 
feet below 


surface. 


*Waukon: WaB, WaB2, 
WaC, WaC2, WaD, WaD2, 
WaE, МеВ, WcC2, WIB2, 
WIC2, WsB2, WsC2, 

For properties of Langhei 
soils in WI B2, WIC2, 
WsB2, and WsC2; for prop- 
erties of Sioux soils in WsB2 
and WsC2, see their respec- 
tive series. 


Slight where 
slopes are less 
than 6 percent. 
Moderate where 
slopes are 6 to 
12 percent. 
Severe where 
slopes are more 
than 12 percent. 


*Zell: 70С2................. Moderate where 
For properties of Rothsay | slopes are 6 to 
soil in ZoC2, see 12 percent. 


Rothsay series. 


| Moderate where 


1 Refers to surface layer only. 


Sewage lagoons 


Severe: organic 
material 2 to 4 
feet below 
surface. 


slopes are 2 

to 6 percent. 
Severe where 
slopes are more 
than 6 percent. 


Severe where 
slopes are more 
than 6 percent. 


Severe: 


Dwellings with 


basements 


water 
table 0 to 2 
feet below 
surface; 
organic 
material 2 to 
4 feet below 
surface. 


Severe: poorly 


drained; water 
table 2 to 5 
feet below 
surface; 
moderate 
shrink-swell 
potential, 


Slight where 


slopes are less 
than 8 percent. 
Moderate where 
slopes are 8 to 
15 percent. 
Severe where 
slopes are more 
than 15 per- 
cent: moderate 
shrink-swell 
potential. 


Moderate where 


slopes are 6 to 
12 percent. 


TABLE 7.—Interpretations 


Topsoil 1 


Suitability as a source of— 


Sand and gravel 


Poor: water 
table 0 to 2 
feet below 
surface. 


Poor: water 
table 2 to 5 
feet below 
surface; poorly 
drained. 


Poor: thin 
surface layer; 
slopes to 24 
pereent. 


Poor: thin 
surface layer. 


Not suitable. _____ 


Not suitable... . 


Not suitable. .____ 


Not suitable... 
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Suitability as 
a source of—Con. 


Soil features affecting— 


Road fill ? 


Poor: very 
poorly drained; 
organic subsoil. 


Poor: poorly 
drained; 
moderate 
shrink-swell 
potential; high 
susceptibility 
to frost action. 


Fair: moderate 
shrink-swell 
potential; 
moderate sus- 
ceptibility to 
frost action. 


Poor: high sus- 
ceptibility to 
frost action. 


Farm pond 
reservoir areas 


Embankments, 
dikes, and levees 


Agricultural 
drainage 


Irrigation 
sprinklers 


Terraces and 
diversions 


Organic material 
2 to 4 feet 
below surface. 


Moderate 
permeability; 
water table 2 
to 5 feet below 
surface. 


Moderate perme- 
ability; imper- 
vious when 
compacted. 


Moderate регте- 
ability ; poor 
resistance to 
piping. 


Features 
unfavorable; 
organic 
material 2 to 4 
feet below 
surface; water 
table 0 to 2 
feet below 
surface. 


Fair stability; 
low perme- 
ability when 
compacted; 
good resistance 
to piping; 
water table 
2 to 5 feet 
below surface. 


Fair stability and 
compaction 
characteristics; 
low perme- 
ability when 
compacted; 
good resistance 
to piping. 


Poor stability ; 
fair compaction 
characteristics ; 
moderate per- 
meability when 
compacted; 
poor resistance 
to piping. 


Organic mate- 
rial 2 to 4 
feet below 
surface; 
water table 
at depth of 
less than 2 
feet. 


Drainage of 
surface and 
subsurface 
layers needed; 
water table 
2 to 5 feet 
below 
surface; 
moderate 
permeability. 


Not needed; 
well drained. 


Not needed; 
well drained. 


2 Refers to substratum or till unless a particular layer is specified. 


Very poorly 
drained. 


Poorly drained... 


Moderate per- 
meability ; 
steep in 
places. 


Moderate per- 
meability ; 
steep in 
places. 


Not needed; 
very poorly 
drained. 


Not needed; 


poorly 
drained. 


Irregular slopes; 


features і 


favorable 
where slopes 
are less than 
12 percent. 


Irregular slopes... 
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Waterways 


Very poorly 
drained; 
drainage 
needed 
before соп- 
struction is 
begun. 


Poorly drained; 
drainage 
needed 
before con- 
struction is 
begun. 


Steep in places. 


Steep in places. 
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TABLE 8.—Engineering 


[Tests performed by Minnesota Department of Highways in accordance with standard 


Moisture-density data! | Mechanical analysis 2 
Minnesota | Depth Percentage passing 
Soil name and location Parent material report No. from sieve— 
8868 surface | Maximum Optimum 
dry density moisture 
No. 4 
% 18. (4.7 
mm.) 
Barnes loam: Inches Lb. per cu. ft. Percent 
NWSE sec. 22, T. 128 N., Glacial till of Man- 649 0-7 92 23 100 99 
R. 40 W. kato age. 650 13-17 102 18 100 99 
651 32-60 108 17 5 97 96 
Fulda silty clay: 
NWHSE вес. 30, T. 129 N., Lacustrine deposits 640! 0-7 79 34 |Ева 
R. 39 W. (Modal) or glacial till. 641 22-29 96 О e Yapa ы ы 
642 42-60 103 ИИСИ augu зз 
Nebish loam: | | 
SWASWHSW sec. 9, Т. Glacial till of 634 3-9 | 116 12 | 98 97 
128 М., В. 38 W. (Modal Mankato age. 635 9-17 108 16 100 99 
636 | 38-60 110 | 15 99 97 
Waukon loam: | | 
МЕМКЕМ вес. 14, T. 130 | Glacial till of 643 0-6 75 37 100 99 
N,, R. 37 W. (Modal) Mankato age. 644 | 14-21 113 15 402 90 
645 24-48 116 14 100 98 
: | | 


! Based оп AASHO Designation: Т 99-57, Method C(1). 
2 Mechanical analysis according to AASHO Designation: 


T 88-57 (1). Results by this procedure differ somewhat from results ob- 


tained by the soil survey procedure of the Soil Conservation Service (508). In the AASHO procedure, the fine material is analyzed by the 
hydrometer method, and the various grain-size fractions are calculated on the basis of all the material, including that coarser than 2 milli- 
meters in diameter. In the SCS soil survey procedure, the fine material is analyzed by the pipette method, and the material coarser than 


The ratings for sand and gravel are based on the 
probability that mapped areas of the soil contain de- 
posits of sand and gravel They do not indicate quality 
or size of the deposits. 

Road fill is the material used as an embankment to 
support the subbase and base course or surface course. 
The ratings indicate performance of soil material that 
has been moved from its source and used as borrow ma- 
terial for these purposes. 

Farm pond reservoir areas are affected mainly by the 
loss of water through seepage. The soil features listed are 
those that influence such seepage through undisturbed 
soils in impoundment areas. 

Embankments, dikes, and levees are structures designed 
to impound or divert water and serve as dams. The soil 
features of both subsoil and substratum are those im- 
portant to the use of soils for constructing embankments, 
dikes, and levees. 


Engineering test data 


Table 8 gives the results of engineering tests performed 
by the Minnesota Department of Highways on samples 
of important soils in Douglas County. The table shows 
the four locations where samples were taken, the depth 
to which sampling was done, and the results of tests to 
determine particle-size distribution and other properties 
significant in soil engineering. 


Maximum dry density is the maximum unit dry weight 
of the soil when it has been compacted with optimum 
moisture by the prescribed method of compaction. The 
moisture content that gives the highest dry unit weight is 
called the optimum moisture content for the specific 
method of compaction. 

Mechanieal analyses show the percentages, by weight, 
of soil particles that pass sieves of specified sizes. Sand 
and coarser materials do not pass the No. 200 sieve. Silt 
and clay particles pass the No. 200 sieve. Percentage frac- 
tions smaller than openings in the No. 200 sieve were 
determined by the hydrometer method, rather than by the 
pipette method used by most soil scientists to determine 
the clay content of soil samples. 

Liquid limit and plasticity index indicate the effect of 
water on the strength and consistence of soil material. As 
the moisture content of a clayey soil is increased from a 
dry state, the material changes from a solid to a plastic 
state. If the moisture content is further increased, the 
material changes from a plastic to a liquid state. The 
plastic limit is the moisture content at which the soil 
material passes from solid to plastic. The liquid limit is 
the moisture content at which the material changes from 
plastic to liquid. The plasticity index is the numerical 
difference between the liquid limit and the plastic limit. 
It indicates the range of moisture content within which 
a soil material is plastic. 
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test data 
procedures of the American Association of State Highway Officials (AASHO)] 
Mechanical analysis ?—Continued Classification 
mE | 
Percentage passing sieve—Con. Percentage smaller than— Паша | Plasticity 
limit index AASHO Unified 
E^ E | 
No. 10 No. 40 No. 200 0. 05 0.02 0.005 0.002 
(2.0 (0.42 (0.074 mm mm. mm. mm. ! 
mm.) mm.) mm.) | 
Percent | 
98 91 67 58 48 28 20 5 16 | A—7-6(10) ML 
98 91 66 64 50 | 37 27 42 21 | A-7-6(10) CL 
94 88 67 62 54 32 | 20 32 13 | А-6(7) CL 
100 98 91 82 60 39 26 66 28 | A-7-5(19) MH 
100 99 97 94 81 68 56 | 68 47 | A-7-6(20) CH 
100 99 84 78 56 42 35 43 26 | А-7-6(15) СІ, 
95 85 45 40 24 11 5 17 0 | A-4(2) SM 
97 87 50 45 36 27 24 32 15 | A-6(5) SC 
94 83 52 47 33 22 | 14 26 8 | А-4(3) съ 
95 80 55 52 34 17 9 62 | 12 | A-7-5(7) 0፪ 
86 70 42 39 31 23 18 33 18 | А-6(5) SM 
95 76 49 45 33 22 18 29 13 | А-6(4) SM 


2 millimeters in diameter is excluded from calculations of grain-size fractions. The mechanical analysis data used in this table are not suit- 


able for naming textural classes for soils. 


3100 percent passes the 1-inch sieve, and 99 percent passes the 3/4-inch sieve. 
4 95 percent passes the 34-inch sieve, 96 percent passes Ше 1-inch sieve, 98 percent passes the 11⁄-inch sieve, and 100 percent passes the 


2-inch sieve. 


Formation and Classification 
of the Soils 


This section consists of two main parts. The first part 
tells how the factors of soil formation have affected the 
development of soils in Douglas County. The second 
explains the system of soil classification and places each 
soil series represented in Douglas County in the classes 
of that system. 


Factors of Soil Formation 


Soil is produced by the action of soil-forming processes 
on materials deposited or accumulated by geologic forces. 
The characteristics of the soil at any given point are de- 
termined by (1) the composition of the parent material, 
(2) the climate under which the soil material has accumu- 
lated, (3) the plant and animal life on and in the soil, 
(4) the relief, or lay of the land, and (5) the length of 
time that the forces of soil formation have acted on 
the soil material. 

Climate and plant and animal life, chiefly plants, are 
active factors of soil formation. They act on the parent 
material that has accumulated through the weathering 
of rocks and bring about the development of genetically 
related horizons. Relief modifies the effect of climate and 
plant and animal life. The parent material also affects 


the kind of soil profile that is formed and, in extreme 
cases, determines it almost entirely. Finally, time is 
needed for changing the parent material into a soil pro- 
file. It may be much or little, but some time is always 
required for the development of distinct horizons. 

The factors of soil formation are so closely interrelated 
in their effect on the soil that few generalizations can be 
made about any one factor unless conditions are specified 
for the other four. Many of the processes of soil forma- 
tion are unknown. 


Parent material 


Douglas County is in a glaciated region characterized 
by till plains, moraines, lakes, and outwash plains. Glacial 
till and glacial outwash make up much of the parent 
material of soils in this count 

GLACIAL TILL.—Most of Douglas-County is covered by 
glacial drift, generally 200 to 300 feet thick, but rang- 
ing from about 125 to 475 feet in thickness (3). The en- 
tire county is underlain by Precambrian granite, gneiss, 
and schist of unknown thickness, There are some indica- 
tions that Cretaceous sediments in the form of white sand 
and blue shale were deposited over the granite in places 
in the western part of the county. The elevation of the 
bedrock is about 1,125 feet at Alexandria and about 1,220 
feet near Osakis. The general slope seems to be westward. 

Parts of the continental Nebraskan, Kansan, and 
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Figure 19.—Surface geology map of Douglas County. Number 1 indicates morainic till areas. Number 2 indicates clayey areas. Num- 
ber 3 indicates sand and gravel outwash areas. Number 4 indicates till plain areas. 


Wisconsin (318016፲8 covered Douglas County at various 
times. The most recent was the Wisconsin Glaciation, 
which terminated about 10,000 to 19,000 years ago. Ma- 
terial deposited by the earlier ice masses is buried deep 
under the deposits of the Wisconsin Glacier and in places 
is at а depth of 50 to 900 feet. 

The Mankato substage of the Wisconsin Glacier is 
believed to have covered all of Douglas County. The till 
deposited is light olive-brown or olive-brown loam to clay 
loam that has yellowish-brown and light-gray mottles. 
The material has a high content (15 to 25 percent) of 
caleium carbonate, and it effervesces strongly when 
dilute hydrochloric acid is applied. It is made up mostly 
of material derived from limestone and calcareous shale, 
but it contains enough material to provide an abundance 
of minerals and a favorable range in soil texture. The 
principal soils formed in till of Mankato age are of the 
Barnes, Waukon, Clarion, and Langhei series. 

The soils in the southwestern part of Brandon Town- 


ship, the southeastern part of Evansville Township, the 
northwestern part of Moe Township, and the south- 
central part of Millerville Township formed in silty clay 
to clay glacial material The principal soils formed in 
this till are of the Fulda and Sinai series. 

OurWASH SEDIMENTS.— Deposits of glacial outwash were 
originally carried by the glaciers, but the material was 
swept out and deposited beyond the front of the glacier 
by streams of melt water. In most of the areas the soils 
are nearly level to undulating, but in some areas in the 
northeastern part of the county, they are rolling to steep. 
Most of the outwash material 15 stratified and well sorted, 
but in many areas near the glacial till it is poorly sorted. 
It consists of sand and gravel or well-sorted sand. 

The largest area of glacial outwash occurs in the east- 
ern part of Douglas County. It covers most of Hudson 
Township, part of Orange Township, and then extends 
northward to cover part of Alexandria, Carlos, and Belle 
River Townships and most of Spruce Hill Township. 
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Other smaller areas occur in МіПегуше, Leaf Valley, and 
Lund Townships around Lake Christina. 

Because the kinds of material in the glacial outwash 
yary greatly, many different soils formed in this parent 
material. 'The soils that formed in the outwash have tex- 
tures that range from loamy sand to clay loam in the 
upper part and generally have sand and grave] within 4 
feet ої the surface. Depth to the sand and gravel varies, 
Large stones are mixed with the outwash in some places. 
Тһе Arvilla, Sioux, Sverdrup, and Dorset series are some 
of the major soils of the county that formed in glacial 
outwash. 

ORGANIC MATERIAL 6018 consisting of organic mate- 
rial оссит in many sloughs and potholes and along some 
stream channels throughout the county. The water table 
is high in these areas, whieh are always wet. The environ- 
ment in and adjacent, to such areas has encouraged the 
growth of many plants, sueh as eattails, sedees, reeds, and 
other grasses and shrubs. These plants thrive, die, sink 
down, and are eovered by the water in which they grow. 
The water shuts out the air, and decomposition is re- 
duced; thus organic material accumulates more rapidly 
than it decomposes. Plant remains in various stages of 
decomposition are the parent material of peat and muck 
soils. Some of the major soils of the county that formed 
in organie material are of the Brophy, Carlos, Cathro, 
and Rifle series. 

ALLUVIUM AND COLLUVIUM.—Colluvium has accumu- 
lated in drainageways, on alluvial fans, and near the base 
of steeper areas. This material js similar to alluvium, but 
it is not limy. The Darnen soils formed in colluvium. 
Alluvium was deposited along the streams in the county. 
These sediments, in most places, are dark colored and 
limy. Alluvial land is the principal soil formed in the 
alluvium. 


Climate 


Climate affects the weathering of parent material di- 
гесбіу through rainfall and temperature. Water from 
rainfall and melting snow dissolves minerals, supports 
biological activity, and transports mineral and organic 
residue through the soil profile. Temperature influences 
what kinds of organisms grow as well as their rate of 
growth. Alternate freezing and thawing hasten mechani- 
cal disintegration of parent material Summer heat and 
humidity speed chemical weathering. 

Climate affects the soils indirectly through its influence 
on vegetation and the kinds of animal life that can be 
sustained. The primary source of the organic matter in а 
soil is vegetation. Animals that live in the soil help to 
convert dead leaves, stems, roots, and other plant remains 
to usable organic matter. 

Douglas County has a cool, subhumid, continental cli- 
mate marked by wide extremes of temperature from 
summer to winter. In winter, soil-forming processes are 
largely dormant. Generally, the soils are frozen to a 
depth of 3 to 5 feet for 4 to 5 months of the year. The 
depth to which frost penetrates depends on the amount of 
snow that accumulates from the snowfall late in fall or 
early in winter. 

The climate is essentially uniform throughout the coun- 
ty, but differences in vegetation, soil material, and relief 
can cause variations in the mieroclimate. Soils on the 
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prairie are exposed to greater variation in tempera- 
ture than those in the forest. Sinai and other fine-textured 
soils warm up more slowly in spring than Arvilla, Dorset, 
and other coarse-textured soils because they contain more 
moisture. Soils on south- and west-facing slopes receive 
more sunlight and generally are drier and warmer than 
soils on north- and east-facing slopes. The interaction of 
all these factors affects the development of soils. More 
information about the climate of Douglas County is given 
in the section *General Nature of the County." 


Plant and animal life 


Plants and animals are active in the soil-forming proc- 
68868. They help to decompose plant residue. They also 
affect the chemistry of the soil and hasten soil develop- 
ment. Miero-organisms are an important link in the 
transformation of undecomposed organic matter into 
humus. The action of bacteria and various kinds of fungi 
causes the decay of dead leaves and other organic matter. 
Earthworms and small burrowing animals help to mix 
humus with the soil. The presence of decayed organic 
matter gradually changes the physical and chemical com- 
position of the surface soil. 

Two types of vegetation, forest and prairie, have 
strongly influenced the development of soils in this coun- 
ty. Douglas County is on the southern edge of the hard- 
wood forest area. At the time the county was settled, 
about one-half of the county was forested and one-half 
was tall prairie grass. Some of the county has been 
covered part of the time by prairie and part of the time 
by forest. The prairie vegetation encroached on the forest, 
or forest vegetation came into the prairie either because 
the climate changed or possibly because of fire. 

In soils that formed under similar conditions of relief, 
drainage, parent material, and time, the surface layer is 
thicker and darker colored in soils that formed under 
prairie than in soils that, formed under forest. The tall 
prairie grasses affected the development of soils of the 
Barnes, Aastad, Clarion, Nicollet, АтуШа, and Flom 
series. 

'The surface layer of the soils formed under a com- 
bination of prairie and forest is intermediate in thick- 
ness between that of the soils formed under prairie and 
that of soils formed under forest because of the influence 
of grass. The subsurface layer, if present, generally 
resembles the gray, leached, platy horizon typical of for- 
est soils. This horizon varies in distinctness and in places 
is lacking. The subsoil has an increased content of clay 
and a large accumulation of organic matter. Soils of the 
e Gonvick, and Dorset series are typical of such 
soils. 

The surface layer of the soils formed under forest is 
thin. The subsurface layer is a thick, leached, platy, and 
gray. It has marked increase in content of clay and a 
large accumulation of organic matter. Soils of the Nebish 
and Beltrami series are typieal of such soils. 


Relief 
Relief is an important factor in the formation of soils 
because of its effect upon drainage, aeration, and erosion. 
The relief of Douglas County is variable, with three 
major kinds present. These are: (1) the irregular morain- 
ic areas, mainly in the western half of the county; (2) 
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the smooth glacial outwash areas; (3) the gently sloping 
till plains in the eastern and southeastern parts of the 
county. The morainic areas make up about one-half of 
the county; the glacial till plains, about one-fourth; and 
the outwash plains, the remainder. The elevation of the 
morainie areas is 1,400 to 1,500 feet, above sea level, of the 
till plains in the eastern and southeastern areas 1,300 to 
1400 feet, and of the outwash areas about the same as 
the till plains. I 

Douglas County lies within the Minnesota River and 
Mississippi River drainaee basins. The eastern part of 
the county is drained to the east and northeast by the 
Long Prairie River toward the Mississippi River. The 
western part is drained to the south and southwest by the 
Chippewa River into the Minnesota River 
Stream development since the glacial period Чтаѕ фев 
slight. 
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SOIL SURVEY 


Lakes and marshes are common throughout the county. 
Approximately one-tenth of the county is covered by 
lakes. 

Differences in relief can account for differences in soils 
that develop in the same kind of parent material. Relief 
influences the surface drainage, which in turn influences 
the kind of vegetation. 

The soils on the knolls and steep soils, such as Langhei 
soils, receive less water for percolation through the pro- 
file because more water runs off. This makes the profile 
thinner. The gently sloping soils have more water perco- 
lating through the soil, and in many places are thicker 
than the steeper soils because less water runs off. The 
low-lying soils receive much more water than can perco- 
late through the soil profile. This causes them to be wet 
during à large part of the growing season. Swales are 
frequently leached of salt to 8 depth of 3 to 6 feet or 
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Figure 20.—Watershed map of Douglas County. Number 1 is Upper Pomme de Terre River. Number 2 is Upper West Branch Chippewa 
River. Number 3 is Middle West Branch Chippewa River. Number 4 is Little Chippewa River. Number 5 is Upper Long Prairie 
River. Number 6 is Upper East Branch Chippewa River. Number is Upper Sauk River. 
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more. Examples are soils of the Flom and Quam series, 
which have a thick surface layer. 


Time 

After the glacier receded, about 10,000 to 12,000 years 
ago, the glacial drift had a calcareous surface but no soil 
profile. 16 probably could not support the vegetation or 
crops that are now grown or that were growing before 
the settlement of the county. The plants that were able 
to grow in the cold climate on the fresh parent material 
contributed to the development of the soils. In time, the 
resulting soil changes permitted other kinds of plants to 
grow. The succession of plants and of soils, with time, 
were ultimately controlled by the climate. The equilibrium 
of soil, climate, and vegetation was changed or disturbed 
in Douglas County by man when he started plowing and 
clearing the land about one hundred twenty years ago. 

Although the parent material has been in place for 
many hundreds of years, many of the soils are not more 
than a few hundred or a few thousand years old. The 
Barnes, Waukon, and similar soils were exposed to a 
more intense influence of the five factors of soil forma- 
tion than were the other soils in the county. As a result, 
they have moderately distinct layers, or horizons. The 
Langhei soils, which have gentle to steep slopes, are con- 
tinuously eroded and show little horizon development. 
The Flom soils occur in areas where a fluctuating water 
table modifies the normal effect of time. Soils formed in 
the alluvium adjacent to the major drainageways have 
little or no profile development. 


Classification of the Soils 


Classification consists of an orderly grouping of soils 
according to a system designed to make it easier to re- 
member soil characteristics and interrelationships. Clas- 
sification is useful in organizing and applying the results 
of experience and research. Soils are placed in narrow 
classes for discussion in detailed soil surveys and for ap- 
plication of knowledge within farms and fields. The many 
thousands of narrow classes are then grouped into pro- 
gressively fewer and broader classes in successively higher 
categories, so that information can be applied to large 
geographic areas. 

The system of classifying soils currently used by the 
National Cooperative Soil Survey was developed in the 
early sixties (4) and was adopted in 1965 (6). It is under 
continual study. 

The current system of classification has six categories. 
Beginning with the most inclusive, these categories are 
the order, the suborder, the great group, the subgroup, 
the family, and the series. The criteria for classification 
are soil properties that are observable or measurable, but 
the properties are selected so that soils of similar genesis 
are grouped together. The placement of some soil series 
in the current system of classification, particularly in 
families, may change as more precise information be- 
comes available. 

Table 9 shows the classification of each soil series of 
Douglas County by family, subgroup, and order, accord- 
ing to the current system. Some of the soils in this county 
do not fit in a series that has been recognized in the 
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classification system, but recognition of a separate series 
would not serve a useful purpose. Such soils are named 
for series they strongly resemble because they differ from 
those series in ways too small to be of consequence in 
interpreting their usefulness or behavior. Soil scientists 
designate such soils as taxadjuncts to the series for which 
they are named. In this survey, soils of the Arvilla, 
Clarion, Dassel, Forman, Hantho, Maddock, Marysland, 
Nicollet, Sverdrup, and Tonka series are taxadjuncts to 
those series. 

ORDER. 一 Ten soils orders are recognized. They are 
Entisols, Vertisols, Inceptisols, Aridisols, Mollisols, Spo- 
dosols, Alfisols, Ultisols, Oxisols, and Histosols. The 
properties used to differentiate these soil orders are those 
that tend to give broad climatic groupings of soils. The 
two exceptions to this are the Entisols and Histosols, 
which occur in many different kinds of climate. Table 9 
shows that the four soil orders represented in Douglas 
County are Entisols, Mollisols, Alfisols, and Histosols. 

Entisols are light-colored soils that do not have natural 
genetic horizons or that have only very weakly expressed 
beginnings of such horizons. These soils do not have traits 
that reflect soil mixing caused by shrinking and swelling. 

Mollisols formed under grass and have a thick, dark- 
colored surface layer that contains colloids dominated by 
bivalent cations. The soil material in these soils has not 
been mixed by shrinking and swelling. 

Alfisols are mineral soils that contain horizons of clay 
accumulation. Unlike the Mollisols, they lack the thick, 
dark-colored surface layer that contains colloids domi- 
nated by bivalent cations. However, the base saturation 
of the lower horizons is not extremely low. 

Histosols formed in wet areas under marsh grass vege- 
tation and are muck or peat of varying thickness. 

Svnorper.—Each order has been divided into suborders, 
primarily on the basis of those soil characteristics that 
seem to produce classes that have the greatest genetic 
similarity. The suborders narrow the broad climatic range 
permitted in the orders. The soil properties used to sepa- 
rate suborders are mainly those that reflect either the 
presence or absence of waterlogging or soil differences 
that result from the climate or vegetation. 

Great GROUPS. 一 Suborders are divided into great 
groups on the basis of uniformity in the kinds and 
sequence of major soil horizons and features. The hori- 
zons used to make separations are those in which clay, 
iron, or humus has accumulated or those that contain a 
pan that interferes with the growth of roots or move- 
ment of water. The features used are the self-mulching 
properties of clay, soil temperature, major differences in 
chemical composition (mainly calcium, magnesium, so- 
dium, and potassium), and the like. The great group is 
not shown separately in table 9, because its name is the 
same as the last word in the name of the subgroup. 

Suspcrour.—Great groups are divided into subgroups, 
one that represents the central (typic) segment of the 
group and others, called intergrades, that have properties 
of one group and also one or more properties of another 
great group, suborder, or order. Subgroups may also be 
made in those instances where soil properties intergrade 
outside of the range of any great group, suborder, or 
order. The names of subgroups are derived by placing 
one or more adjectives before the name of the great group. 
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TABLE 9.—Classification of soil series of Douglas County 


Series Family Subgroup Order 
Аа ад --.---------- Fine-loamy; mixed... l u ው RI አርባ Pachic Udie Haploborolls------------ Mollisols. 
Атуезоп-—----------- Coarse-loamy, mixed, frigid_------------------------ Typic Calciaquols------------------- Mollisols. 
Arvilla t___-____-_.. Sandy, MIE aaa ga sa e Udic Наріорогоїв ....-------------- Mollisols. 
Barnes. -...-..----- Fine-loamy, mixed. Udic Наріоһогой8..-.--------------- Mollisols. 
Beltrami............ Fine-loamy, mixed________------------------------- Aquic Eutroboralfs------------------ Alfisols. 
Brophy............. ЕСІП ме е ее de Ыл ЕОР ርው ыйыы ышы арыг Hemic Вогойртї5їз_------------------ Histosols. 
Сагіов-------------- 人 Limnic Borohemists----------------- Histosols. 
Cathro.-..-----.--- Loamy; ешо Ju их gees cscs eke a uwa aksu Terric Borosaprists. —---------------- Histosols. 
Cathro, sandy sub- Loamy еШ по хурэхжлэ እረ. Terrie Borosaprists...-.------------- 1118108018. 
soil variant. 
Clarion ?____________ Fine-loamy, mixed, mesic_.____-.------------------- Турс Нарїшааїв.........------------- Mollisols. 
Clontarf- ----------- Coarse-loamy, mixed------------------------------- Pachic Udie Haploborolls . .....----- Mollisols. 
Colvin__.----.----_- Fine-silty, mixed, frigid---------------------------- Typic Calciaquolls------------------- Mollisols. 
Darnen-... .... Fine-loamy, тїхей__.---------------------------—--- Pachic Udic Наріорогоїїя. ---------- Mollisols. 
Dassel 2.  ..-------- Coarse-loamy, mixed, noncalcareous, mesic- ---------- Туре Haplaquolls_......------------ Mollisols. 
Dorset. Coarse-loamy, mixed... Mollic Eutroboralfs------------------ Alfisols. 
Dovray.........-... Fine, montmorillonitic, noncalcareous, frigid- --------- Cumulic Haplaquolls................. Mollisols. 
Flom..............- Fine-loamy, mixed, noncalcareous, frigid- ------------ Туре Haplaquolls_______ Mollisols. 
Forada............. Coarse-loamy, mixed, noncalcareous, frigid- ---------- Typic Haplaquolls..................- Mollisols. 
Forman?........... Fine-loamy, mixed._......------------------------- Udic Argiborolls.-------------------- Mollisols. 
Fuldg s tau e | Fine, montmorillonitie, noncalcareous, Ётіеіа__._._____ Typic Нар1адчов..-.--------------- Mollisols. 
Gonvick_._____----- Fine-loamy, mixed___._-__-----------------_-------- Aquic Argiborolls._...__------------- Mollisols. 
Hangaard__________. Sandy, mixed, noncalcareous, frigid------------------ Typic Наріадцоїв..----------------- Mollisols. 
Напо Соатве- Шу, mixed_._..--.------------------------ Pachic Udic Haploborolls............. Mollisols. 
Langhei_____._____- Fine-loamy, mixed, calcareous, frigid... Typic Udorthents______..---.-----_- Entisols. 
Maddock 5 .... Sandy, mixed_.._._.-..-------------_.__-_-______- Udorthentic Haploborolls............. Mollisols. 
Marysland 6________- Fine-loamy over sandy or sandy-skeletal, mixed frigid. | Турс Calciaquolls. --------- Mollisols. 
Millerville.......... Coprogenous, еше —------------------------------ Limnic Borohemists----------------- Histosols. 
Кеввв 2..2... Fine-loamy, шіхей. ------------------------ Туре Eutroboralfs___-_..----------- Alfisols. 
Nicollet 2 ----------- Fine-loamy, mixed, mesic Aquic Hapludolls-------------------- Mollisols. 
Nymore ----------- Mixed; frigid uuu l l u u u መመመ Typic Udipsamments__._____ Entisols. 
Osakis___.-...------ Sandy, mixed х e ы ааа Aquic Haploborolls. ----------------- Mollisols. 
Quam ............. Fine-silty, mixed, noncalcareous, frigid. ------------- Cumulic Haplaquolls_______ እ10115015. 
Ее сола мы ሸር... sea ср та как а 2: Typic Borohemists------------------ Histosols. 
Rothsay............ Coarse-silty, mixed, frigid- ------------------------- Udic Haploborolls._.-.-.------------ Mollisols. 
Seelyeville._________ EMG E ОРУН ЗЕРРЕ Typic Borosaprists. ----------------- Histosols. 
Shooker............ Fine-loamy, mixed, Їтїгїа_--.-------------------.---- Aeric Ochraqualfs. .---------------- Alfisols. 
IDA). энэхэн Fine, попітогШопінс..---------------------------- Pachic Udic Haploborolls............ Mollisols. 
DIOUZ- .------------ Sandy-skeletal, тїхей___-_-...-.---.------------—--- Udorthentic Наріобогоїв - ----------- Mollisols. 
буегдгир? Sandy, mixed___-_._..---------------------------- Udic Haploborolls. ------------------ Mollisols. 
Топка ё... Fine, montmorillonitic, frigid- - --------------------- Argiaquic Argialbolls- --------------- Mollisols. 
Urness------------- Fine-silty, mixed, calcareous, frigid------------------- Mollic Fluvaquents ----------------- Entisols. 
Urness, peaty subsoil | Fine-silty, carbonatic, calcareous, frigid.-------------- Thapto-Histic Fluvaquents ----------- Entisols. 
variant. 
Vallers_____-------- Fine-loamy, mixed, frigid--------------------------- Typic Calciaquolls------------------- Mollisols. 
Waukon............ Fine-loamy, mixed--------------------------------- Mollic Eutroboralfs------------------ Alfisols. 
ЖеЦ---------------- Coarse-silty, иїхей_._...-------------------------- Udorthentic Haploborolls............. Mollisols. 


1 The АгуШа soils, thick solum, are taxadjuncts to the series because they have a thicker B horizon than typical, ranging to 20 inches, 
and the IIC horizon is at a greater depth, 22 to 36 inches. 
2 These soils are taxadjuncts to the respective series because they have a lower mean annual temperature than is typical for the series. 


з This soil is а taxadjunct to the Forman series because it lacks an argillic horizon. 
4 Tbe Hantho soils are taxadjuncts to the series because they have a thicker solum than is typical for the series. 


5 This soil is а taxadjunct to the Maddock series because of the slightly acid solum and greater depth to carbonates than is typical 


for the series. 


6 This soil is a taxadjunct to the Marysland series because of slightly coarser textures in the upper sediment than is typical for the 


series, and because some profiles lack a calcic horizon and some have a calcic horizon at a depth of more than 16 inches. 


1 The Sverdrup, thick solum, soils are taxadjuncts to the series because they have a thicker sandy loam ог loam-textured B horizon 
horizon is at a greater depth, 22 to 36 inches. 


than is typical for the series, and because the II 
5 This soil is a taxadjunct to the Tonka series because the А2 horizon is thinner than is typical for the series and in some places the Bt 


horizon is higher in color value. 
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FawiLy.—Families are separated within а subgroup 
primarily on the basis of properties important to growth 
of plants or behavior of soils when used for engineering. 
Among the properties considered are texture, mineralogy, 
reaction, soil temperature, permeability, thickness of 
horizon, and consistence. 

Ѕевтеѕ. The series consists of a group of soils that 
formed from a particular kind of parent material and 
that have genetie horizons that are similar in differentiat- 
ing characteristics and arrangement in the profile. Among 
these characteristics are color, structure, reaction, con- 
sistence, and mineralogical and chemical composition. 


General Nature of the County 


No permanent settlements were made in the area that 
is now Douglas County until 1858. On the shore of Lake 
Agnes, the site of the town of Alexandria, Douglas Coun- 
ty was formed. In 1859 a government road was built to 
the town, and Fort Alexandria was constructed. Immi- 
gration into the county began in earnest in the late 18605. 
The population. of the county was 17,964 but had increased 
to 22,892 by 1970. In 1970, Alexandria had a population 
of 6,978. 

Douglas County is served by two railroads, the Great 
Northern and the Soo line. A municipal airport is lo- 
cated at Alexandria. Public highways have been well 
maintained. Among them are Interstate Highway 94, 
which runs diagonally through the county, Minnesota 
State Highways No. 27, 29, 55, 70, and 114, and several 
black-topped county roads, Good gravelled roads main- 
tained by the county or township serve most of the farms. 

Trading centers are located throughout the county. 
Marketing facilities are good. Milk is usually marketed 
as whole milk. There are creameries throughout the 
county, a processing plant for dairy products at Alexan- 
dria, and a number of grain elevators throughout the 
county. 


Relief and Drainage 


Douglas County is in an area through which several 
ice sheets advanced and retreated during the glacial pe- 
riod. The relief is typical of glaciated areas. The county 
has three kinds of relief: the irregular morainic areas, 
most of which occur in the western half of the county; 
the smooth to rolling glacial outwash areas; and the 
gently sloping till plains in the eastern part of the 
county. 

Douglas County lies within the Minnesota and Missis- 
sippi River drainage basins. The eastern part of the coun- 
ty is drained to the east and northeast by the Long Prairie 
River, which drains into the Mississippi River. The west- 
ern part is drained to the south and southwest by the 
Chippewa River, which drains into the Minnesota River. 

Lakes and marshes are common throughout the county. 
A number of lakes cover several square miles. Among 
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these are Ida, Miltona, Christina, Carlos, Le Homme 
Dieu, Mary, and Osakis Lakes. 


Farming 


Douglas County is largely rural. In 1969 there were 
1,543 farms in the county, and the average size was 219 
acres, Most of these farms were owner operated. 

When Douglas County was first settled, farm products 
were grown mainly for home use. Wheat and oats were 
the principal cereal crops. Potatoes, beets, turnips, and 
onions were important vegetable crops. Only a few head 
of cattle were raised. Wheat was the most important 
cash crop, with 63,653 acres raised in 1909. After that 
date the production of wheat declined, but dairying and 
diversified farming gained importance. 

In 1969 dairying continued to be a significant enter- 
prise, but small dairy farms were fewer and large ones 
were more numerous. In 1969, there were 22,100 milk 
cows and 60,800 cattle and calves, and 27,000 hogs, the 
raising of which was of minor importance. There were 
also a few small flocks of sheep, totaling 3,400. Chickens 
and other kinds of poultry continue to decline in 
importance. 

Corn was grown on only a small acreage in the early 
days of farming, and most of the early varieties of corn 
were not suited to the climate. The improvement in varie- 
ties has encouraged a shift to the growing of this crop. 
In 1969, 42,200 acres were planted, and 20,500 of these 
acres were harvested for silage. The growing of hay 
crops for forage is of major importance, and 53,100 
acres were grown in 1969. The growing of oats for grain 
is also important, and 63,300 acres were planted in 1969. 
The acreage of soybeans has continued to increase, also 
because of the improvement in varieties. In 1969, about 
12,600 acres were planted. The acreage of wheat has 
continued to decline, but 12,000 acres were planted in 
1969. 

Modern tractors are the main source of power on the 
farms. Combines, cornpickers, and balers are common 
equipment. There are also a few threshing machines, for- 
merly used for harvesting grain, but the grain is gener- 
ally combined instead of shocked. 


Climate ° 


Douglas County is near the center of the North Ameri- 
can continent. This is the chief factor in determining its 
climate. The county has warm summers because of the 
heating under a sun that shines for long hours at a high 
altitude. The largest amount of rain falls in summer, 
when southerly winds bring warm moist air from the 
Gulf of Mexico. In sharp contrast, the county has cold 
winters because of the rapid cooling under a sun that 
shines during short days and is low on the horizon. The 


5 By EARL L. Kuennast, State climatologist for Minnesota, U.S. 
Department of Commerce. 
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smallest amount of precipitation is received in winter, 
when northerly winds cause additional cooling of rela- 
tively dry air masses. Ав the county has по sharply 
marked differences in topography, the climate is quite 
uniform. 

Approximately 72 percent, or almost 16.5 inches, of 
annual precipitation oceurs during the period of April 
through September. Measurable precipitation of 0.01 inch 
can be expected on about 85 days per year and 1 inch or 
more on 4 of those days. Rainfall intensities of about 
1 inch an hour can be expected once in 2 years. Table 10 
lists the highest and lowest precipitation that can be 
expected 1 year in 10 for each of the 12 months. Annual 
precipitation has ranged from a low of 10.46 inches in 
1936 to a high of 36.76 inches in 1941. The most precipi- 
tation at Alexandria in any month was 16.52 inches in 
August 1900. The annual average precipitation was 
16.16 inches during the dry period 1931 to 1996. On the 
average about 40 thunderstorms occur each year, and 
some are accompanied by hail and damaging winds. 
Tornadoes occur only rarely in Douglas County; six 
were reported during the period 1916 through 1969. 

Drought occurs whenever the supply of water for 
crops, either in the form of rainfall or of soil moisture, 
becomes inadequate. Each day that moisture is inade- 
m in the root zone is defined as a drought-day. 

evere droughts occurred three times between 1931 and 
1963. The length of drought periods ranged from 1 to 
49 months. 

The first measurable snowfall in fall occurs late in 
October in 1 year in 5 and the last in spring usually occurs 
in April. Annual snowfall has ranged from 19.9 inches 
in 1908 to 83.7 inches in 1951. 


SOIL SURVEY 


In winter the average temperature in the period 
December through February is 18.59 F, but it was only 
0.39 for this period in the winter of 1935-1936, which 
was one of the colder winters. In most winters there are 
1 or 2 days when the temperature is 20° below zero or 
more. The lowest recorded temperature was 44? below 
zero on February 10, 1888. 

In summer the average temperature in the period 
June through August із 69.49, and daily high tempera- 
tures range from the middle seventies to the low eighties. À 
temperature of 100? or more occurs about 50 times dur- 
ing а normal 30-year period. The highest recorded tem- 
perature in Douglas County was 105? on September 10, 
1931, on July 99, 1934, and on July 10, 1936. 

The wide range of temperatures to be expected is 
shown in table 10 and the probability of low tempera- 
tures in spring and fall is shown in table 11. For exam- 
ple, in 5 years out of 10, or 50 percent of the time, à 
temperature of 32? or lower can be expected after May 11 
in spring or before September 29 in fall. The freeze-free 
period is long enough that the staple crops of the county 
reach maturity without much danger from frost. 

Long-term records of humidity, cloudiness, and winds 
are not available for Douglas County but are available 
only from First Order Weather Bureau Airport Stations. 
The following information is based on these records and 
is representative of Douglas County. The wind blows at 
an average speed of nearly 129 miles per hour and is 
northwesterly in winter and southerly in summer. Noon- 
time humidity averages close to 55 percent in summer 
and 72 percent in winter. On the average there will be 
| clear days, 116 partly cloudy days, and 151 cloudy 

ays. 


TABLE 10.— Temperature and precipitation 


[All data recorded at Alexandria. Temperature data for the period 1931-1960; precipitation data for the period 1898-1968; snowfall data 
for the period 1930-1969) 


Temperature Precipitation 
One year іп 10 will | Days with | Average 
Month Normal Normal Normal Normal Normal have— snow depth of 
daily daily monthly monthly monthly cover of | snow on 
maximum | minimum extreme extreme total 1.0 inch | days with 
maximum minimum Less More or more snow 
than— than— cover 
°F °F, °F ор Inches Inches Inches Number Inches 
18 —1 38 —24 0. 51 0. 08 1.24 26 7 
22 2 40 —22 ‚50 . 05 1.21 24 9 
34 14 54 -8 . 87 16 1.85 19 8 
52 31 74 15 2.36 59 3.42 4 2 
66 44 85 28 3.19 1.00 5.53 | መሥ“ 
75 54 90 40 4.97 1.54 6. 41 eee 
82 60 95 49 2. 96 1. 32 5. 98 ecc 
79 58 93 45 3. 71 1. 38 5. 81 П assinei 
69 48 89 32 1. 89 62 3.85 人 | ea 
57 36 75 20 1.40 .14 2.90 0) 1 
36 20 58 -1 . 88 .08 1.74 7 3 
24 4 40 —16 .48 . 07 1.19 19 4 
ЗӨРЖ | НЭЭНЭ 2 97 3 一 27 22. 80 17. 78 29. 43 100 5 


1 Less than one-half day. 
2 Average annual] highest temperature. 
3 Average annual lowest temperature. 
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TABLE 11.—Probabilities of low temperatures in spring and fall 
(АП data from Alexandria, as published in the University of Minnesota Agricultural Experiment Station Technical Bulletin 243] 


Probability 


16? F. or lower 
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Dates for given probabilities and temperature 


20? F. or lower 


24? F. or lower 


28? F. or lower 


32° Е. or lower 


Spring: 
1 year in 10 later һап አመመ. April 14 April 23 May 3 May 12 May 26 
2 years in 10 later ап April 10 April 18 April 28 May 8. May 21 
5 years in 10 later than April 7 April 8 April 19 May 1 May 11 

Fall: 
1 year іп 10 earlier Вап October 27 October 14 October 8 September 22 | September 18 
2 years іп 10 earlier than ıı... November 1 October 20 October 14 September 28 | September 22 
5 years in 10 earlier Шар и November 9 | October 81 October 25 October 8 September 29 
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Glossary 


Alluvium. Soil material, such as sand, silt, or clay, that has been 
deposited on land by streams. 

Available water capaeity (also termed available moisture capac- 
ity). The capacity of soils to hold water available for use by 
most plants. It is commonly defined as the difference between 
the amount of soil water at field capacity and the amount at 
wilting point. It is commonly expressed as inches of water per 
inch of вой. 

Calcareous soil. A soil containing enough calcium carbonate (often 
with magnesium carbonate) to effervesce (fizz) visibly when 
treated with cold, dilute hydrochloric acid. 

Clay film. A thin coating of clay on the surface of a soil aggregate. 
Synonyms: clay coating. 

Concretions. Grains, pellets, or nodules of various Sizes, shapes, 
and colors consisting of concentrations of compounds, or of 
Soil grains cemented together. The composition of some con- 
eretions is unlike that of the Surrounding soil. Caleium саг- 
bonate and iron oxide are examples of material commonly 
found in concretions. 

Consistence, soil. The feel of the soil and the ease with which 
a lump can be erushed by the fingers. Terms commonly used 
to describe consistence are— 

Loose.—Noncoherent when dry or moist; does not hold together 
in a mass. 


Friable.—When moist, crushes easily under gentle pressure be- 
tween thumb and forefinger and can be pressed together 
into а lump. 

Firm.—When moist, crushes under moderate pressure between 
thumb and forefinger, but resistance is distinctly noticeable. 

Plastic.—When wet, readily deformed by moderate pressure 
but can be pressed into a lump; will form a "wire" when 
rolled between thumb and forefinger. 

Sticky.—When wet, adheres to other material, and tends to 
Streteh somewhat and pull apart, rather than to pull free 
from other material. 

Hard.—When dry, moderately resistant to pressure; can be 
broken with difficulty between thumb and forefinger. 

Soft—When dry, breaks into powder or individual grains under 
very slight pressure. 

Coprogenous. Designating the influence of animal excrement, as of 
the earthworm, in forming soil, especially humus. 

Drainage class (natural). Refers to the conditions of frequency 
and duration of periods of saturation or partial saturation 
that existed during the development of the soil, as opposed 
to altered drainage, which is commonly the result of artificial 
drainage or irrigation but may be caused by the sudden 
deepening of channels or the blocking of drainage outlets. 
Seven different classes of natural soil drainage are recognized. 

Excessively drained soils are commonly very porous and 
rapidly permeable and have a low available water capacity. 

Somewhat excessively drained soils are also very permeable 
and are free from mottling throughout their profile. 

Weli-drained soils are nearly free from mottling and are com- 
monly of intermediate texture. 

Moderately well drained soils commonly have a slowly perme- 
able layer in or immediately beneath the solum. They have 
uniform color in the A and upper B horizons and have 
mottling in the lower B and the C horizons. 

Somewhat poorly drained soils are wet for significant periods 
but not all the time, and some soils commonly have mot- 
tling at a depth below 6.to 16 inches. | 

Poorly drained soils are wet for long periods and are light gray 
and generally mottled from the surface downward, al- 
though mottling may be absent or nearly so in some soils. 

Very poorly drained soils are wet nearly all the time. They 
have a dark-gray or black surface layer and are gray or 
light gray, with or without mottling, in the deeper parts of 
the profile. 

Fertility, soil. The quality of a soil that enables it to provide com- 
pounds, in adequate amounts and in proper balance, for the 
growth of specified plants, when other growth factors such as 
light, moisture, temperature, and the physical condition of 
the soil are favorable. 

Fibric. Slightly decomposed organic material; peat. 

Green manure (agronomy). À erop grown for the purpose of being 
turned under in an early stage of maturity or soon after 
maturity for soil improvement. 

Hemic. Moderately decomposed organic material; mucky peat. 
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Horizon, soil. À layer of soil, approximately parallel to the surface, 
that has distinct characteristics produced by soil-forming 
processes, These are the major horizons: 

0 horizon.—The layer of organic matter on the surface of a 
mineral soil. This layer consists of decaying plant residues. 

А horizon.—The mineral horizon at the surface or just below 
an O horizon. This horizon is the one 18. which living 
organisms are most active and therefore is marked by the 
accumulation of humus. The horizon may have lost one or 
more of soluble salts, clay, and sesquioxides (iron and 
aluminum oxides). 

В horizon.—The mineral horizon below an A horizon. The В 
horizon is in part a layer of change from the overlying 
À to the underlying C horizon. The B horizon also has 
distinctive characteristics caused (1) by accumulation of 
clay, sesquioxides, humus, or some combination of these; 
(2) by prismatic or blocky structure; (3) by redder or 
stronger colors than the A horizon; or (4) by some com- 
bination of these. Combined A and B horizons are usually 
called the solum, or true soil. If a soil lacks а B horizon. 
the A horizon alone is the solum. 

0 horizon.—The weathered rock material immediately beneath 
the solum. In most soils this material is presumed to be 
like that from which the overlying horizons were formed. 
If the material is known to be different from that in the 
solum, a Roman numeral precedes the letter C. 

L layer.—A layer that includes both organic and inorganic 
materials either (a) deposited in water through the action 
of aquatic organisms, such as algae or diatoms, or (b) 
derived from underwater and floating aquatic plants sub- 
sequently modified by aquatic animals. 

В layer.—Consolidated rock beneath the soil. The rock usually 
underlies a C horizon but may be immediately beneath an 
A or B horizon. 

Infiltration. The downward entry of water into the immediate 
surface of soil or other material, as contrasted with percola- 
tion, which is movement of water through soil layers or 
material. 

Limnic layer. See L layer, under Horizon, soil. 

Mottling, soil. Irregularly marked with spots of different colors 
that vary in number and size. Mottling in soils usually indi- 
cates poor aeration and lack of drainage. Descriptive terms 
are as follows: Abundance—fcw, common, and many; size— 
fine, medium, and coarse; and contrast—faini, distinct, and 
prominent. The size measurements are these: fine, less than 
5 millimeters (about 0.2 inch) in diameter along the greatest 
dimension; medium, ranging from 5 millimeters to 15 milli- 
meters (about 0.2 to 0.6 inch) in diameter along the greatest 
dimension; and coarse, more than 15 millimeters (about 0.6 
inch) in diameter along the greatest dimension. 

Muck. An organic soil consisting of fairly well decomposed organic 
material that is relatively high in mineral content, finely 
divided, and dark in color, 

Organic soil, A general term applied to а soil or to a soil horizon 
that consists primarily of organic matter, such as peat soils. 
muck soils, and peaty soil layers. In chemistry, organic refers 
to the compounds of carbon. 

Parent material. Disintegrated and partly weathered rock from 
which soil has formed. 

Peat. Unconsolidated soil material, largely undecomposed organic 
matter, that has accumulated where there has been excess 
moisture, 

Permeability. The quality that enables the soil to transmit water 
or air. Terms used to describe permeability are as follows: 
very 81010, slow, moderately slow, moderate, moderately rapid, 
rapid, and very rapid. 


SOIL SURVEY 


Reaction, soil. The degree of acidity or alkalinity of a soil, expressed 
in pH values. A soil that tests to pH 7.0 is precisely neutral 
in reaction because it is neither acid nor alkaline. An acid, 
or “sour,” soil is one that gives an acid reaction; an alkaline 
soil is one that is alkaline in reaction. In words, the degrees 
of acidity or alkalinity are expressed thus: 


pH pH 
Extremely acid... Below 45 Mildly alkaline______ 1.4 to 7.8 
Very strongly acid. 4,5 105.0 Moderately alkaline. 7.9 to 8.4 


Strongly acid_____ 511055 Strongly alkaline... 85t09.0 
Medium acid_____ 5.61060 Very strongly alka- 

Slightly acid... 6.1to 6.5 line __ ------- 9.1 and 
Neutral ---------- 6.6 to 7.8 higher 


Relief. Тһе elevations or inequalities of a land surface, considered 
collectively. 

Runoff (hydraulics). The part of the precipitation upon a drainage 
area that is discharged from the area in stream channels. 
The water that flows off the land surface without sinking 
in is called surface runoff; that which enters the ground 
before reaching surface streams is called ground-water runoff 
or seepage flow from ground water. 

Sapric. Highly decomposed organic material; muck. 

Solum. The upper part of a soil profile, above the parent material, 
in which the processes of soil formation are active. The solum 
in mature soil includes the A and B horizons. Generally, the 
characteristics of the material in these horizons are unlike 
those of the underlying material. The living roots and other 
plant and animal life characteristic of the soil are largely 
confined to the solum. 

Terrace (geological). An old alluvial plain, ordinarily flat or un- 
dulating, bordering a river, lake, or the sea, Stream terraces 
are frequently called second bottoms, as contrasted to flood 
plains, and are seldom subject to overflow. Marine terraces 
were deposited by the sea and are generally wide. 

Texture, soil, The relative proportions of sand, silt, and clay par- 
ticles in a mass of soil. The basic textural classes, in order 
of increasing proportion of fine particles, are sand, loamy 
sand, sandy loam, loam, silt loam, silt, sandy clay loam, clay 
loam, silty clay loam, sandy clay, silty clay, and clay. The 
sand, loamy sand, and sandy loam classes may be further 
divided by specifying “coarse,” “fine,” or “very fine.” 

Texture classes. Soils are classified as coarse-textured (sand and 
loamy sand), moderately coarse textured (sandy loam and 
fine sandy loam), medium textured (very fine sandy loam, 
loam, silt loam, and silt), moderately fine textured (clay 
loam, sandy clay loam, and silty clay loam), and fine textured 
(sandy clay, silty clay, and clay). 

Tilth, soil. The condition of the soil in relation to the growth of 
plants, especially soil structure. Good tilth refers to the friable 
state and is associated with high попсарШагу porosity and 
stable, granular structure. A soil in poor tilth is nonfriable, 
hard, nonaggregated, and difficult to till. 

Topsoil. A presumed fertile soil or soil material, or one that re- 
sponds to fertilization, ordinarily rich in organic matter, 
used to topdress roadbanks, lawns, and gardens. 

Variant, soil. A soil having properties sufficiently different from 
those of other known soils to suggest establishing a new soil 
series, but a soil of such limited known area that creation 
of a new series is not believed to be justified. 

Water table. The highest part of the soil or underlying rock mate- 
ria] that is wholly saturated with water. In some places an 
upper, or perched, water table may be separated from a lower 
one by a dry zone. 

Wheel-track planting. Planting a crop on plowed fields in the 
tractor wheel tracks, 


GUIDE TO MAPPING UNITS 


For a full description of a mapping unit, read both the description of the mapping unit and the description of the soil 
series to which the mapping unit belongs. In referring to a capability unit or woodland group, read the introduction 
to the section it is in for general information about its management. Other information is given in tables as follows: 


Acreage and extent, table 1, Recreational uses of the soils, 
page 10. table 5, page 67. 
Predicted yields, table 2, Engineering uses of the soils, tables 
page 56. 6, 7, and 8, pages 76 through 103. 
* Woodland 
De- ` Capability suitability 
scribed unit group 

Map on 
symbol Mapping unit page Symbol Page | Number Page 
AaA Aastad clay loam, 1 to 3 percent slopes----------------------~--------- 9 I-1 48 1 61 
Ad Alluvial 1ап4----------------------------.--..-..-....---.--------------.---- 9 VIw-1 54 8 65 
Ao Arveson sandy clay 10ап----------------------------------------..-........ 11 IIIw-2 52 5 62 
АБА Arvilla sandy loam, 0 to 2 percent 510ре5----------------------------.- 12 111е-3 51 6 62 
АБВ Arvilla sandy loam, 2 to 6 percent 510ре5----------------------------.. 12 IIIe-3 51 6 62 
AsC Arvilla sandy loam, 6 to 12 percent slopes----------------------------- 12 IVe-2 55 6 62 
AtA Arvilla sandy loam, thick solum, 0 to 3 percent slopes----------------- 12 11е-4 49 6 62 
BaB2. Barnes loam, 2 to 6 percent slopes, его4е4---------------------------.- 13 "11е-1 48 1 61 
BaC2 Barnes loam, 6 to 12 percent slopes, eroded---------------------------- 13 111е-1 50 1 61 

ВІВ2 Barnes-Langhei loams, 2 to 6 percent slopes, eroded-------------------- 13 
Barnes part--------------------------------------------------------- -- IIe-1 48 1 61 
Langhei part--------------------------------+------------------------ -- Пе-1 48 2 62 

B1C2 Barnes-Langhei loams, 6 to 12 percent slopes, eroded------------------- 14 
Barnes part~-~------------------------------------------------------- -- 111е-1 50 1 61 
Langhei раг%-------------------------------------------.------------ -- IIIe-1 50 2 62 
BmA Beltrami loam, 1 to 3 percent slopes----------------------------------- 15 I-1 48 1 61 
Вр Brophy peat------------------------------------------------------------ 15 IVw-2 54 8 63 
Ca Carlos тисК------------------------------------------------------------ 16 IVw-2 54 8 63 
Cc Cathro писК-------------------------------------.-................--..--. 16 IVw-2 54 8 63 
Ch Cathro muck, sandy subsoil variant------------------------------------- 17 IVw-2 54 8 63 
С1В2 Clarion loam, 2 to 6 percent Slopes，eroded---------------------------- 17 IIe-1 48 1 61 
C1C2 Clarion loam, 6 to 12 percent slopes, eroded--------------------------- 17 IIIe-1 50 1 61 
СпА Clontarf sandy loam, 0 to 2 percent 510ре5----------------------------- 18 111е-4 51 6 62 
Со Colvin silt 1оап--------------------------------------................. 19 IIw-3 50 5 62 
Cp Colvin silt loam, дертез510па|----------------------------------------- 19 IIIw-1 52 5 62 
Рад  Darnen loam, 1 to 4 percent slopes------------------------------------- 19 I-1 48 i 61 
Dd Dassel sandy 1оап----------------------------------------............-. 20 ፲ህዛ-1 53 3 62 
De Dassel sandy loam, depressional-------------------------------------..- 20 IVw-1 53 5 62 
DoA Dorset sandy loam, 0 to 2 percent 61орев------------------------------- 21 IIIe-3 51 6 62 
ров Dorset sandy loam, 2 to 6 percent в1оре5------------------------------- 21 IIe-3 51 6 62 
DoC Dorset sandy loam, 6 to 12 percent 61орев------------------------------ 21 IVe-2 53 6 62 
ррА Dorset sandy loam, thick solum, 0 to 2 percent slopes------------------ 21 Ie-4 49 6 62 
DpB Dorset sandy loam, thick solum, 2 to 6 percent slopes------------------ 21 le-4 49 6 62 
DPC Dorset sandy loam, thick solum, 6 to 12 percent 510ре5----------------- 22 IIle-3 51 6 62 
Dv Dovray mucky silty сІау-------------------------------.--.--...------.--.. 22 IIIw-1 52 4 62 
Fa Flom silty clay 1оап--------------------------.--....-..-.............. 23 Iw-1 49 4 62 
Fd Forada sandy loam------------------------------------------------------ 24 IIw-2 50 3 62 
Fe Еогада loam, дергез510па|---------------------------------------------- 24 IIIw-2 52 3 62 
Ff Forada sandy loam, sandy Subsoil--------------------------------------- 24 IIw-2 50 5 62 
FmC2 Forman clay loam, 6 to 12 percent slopes, егофед----------------------- 25 ፲፲16-1 50 1 61 
FoB Forman-Aastad clay loams, 1 to 5 percent slopes------------------------ 25 Пе-1 48 1 61 
Fu Fulda silty с1ау-----------------------------------.--................. 25 Пи-1 49 4 62 
GoA Gonvick loam, 1 to 3 percent 510рез------------------------------------ 26 I-1 48 1 61 
Ha Hangaard sandy Цоащ---------------------------------------------------- 27 IVw-1 53 3 62 
НА Hantho silt loam, 1 to 3 percent slopes-------------------------------- 27 I-1 48 1 61 
La Lake beaches, запфу---------------------------------------------------- 27 VIw-1 54 3 62 
Lb Lake beaches, 1оапу----------------------------------------...---...... 27 IIIw-2 52 3 62 
LeF  Langhei loam, 18 to 40 percent slopes---------------------------------- 28 VIIe-1 55 2 62 

LgD2 Langhei-Barnes loams, 12 to 18 percent slopes, eroded-----------......- 28 
Langhei раү%---------------.-----------------...--.............----- -- IVe-1 52 2 62 
Barnes раг{--------------------------------------------------------- -- Іуе-1 52 1 61 

LkD2 Langhei-Waukon loams, 12 to 18 percent slopes, егойей------------------ 28 
Langhei рат%------------------------------....-----------------..-....-. == Туе-1 52 2 62 


Waukon рат%-----------------------------------..--...--............... -- IVe-1 52 1 61 


GUIDE TO MAPPING UNITS--Continued 


Woodland 
De- Capability suitability 
scribed unit group 


Map on 
symbol Mapping unit page Symbol Page | Number 
КЕ Langhei-Waukon loams, 18 to 24 percent slopes------------------------- 29 

Langhei раг%------------------------------------...............-.....-. -- VIe-1 54 2 62 

Waukon раг%(------------------------------..--------------.------..- -- VIe-1 1 61 
LwD —Langhei-Waukon-Sioux complex, 12 to 25 percent slopes----------------- 29 

Langhei раг%-------------------------------------.-.--.-.-............. -- VIe-1 2 62 

Waukon раг-------------------------------------------------------- -- VIe-1 54 1 61 

Sioux рат%------------------------------------..-.... .............. -- VIe-1 54 7 63 
MaA Maddock fine sand, 0 to 2 percent з1орев------------------------------ 29 1У5-1 53 7 63 
MaB Maddock fine sand, 2 to 6 percent з10рев------------------------------ 29 IVs -1 55 7 63 
MaC Maddock fine sand, 6 to 12 percent 610рев----------------------------- 30 VIs-1 54 7 63 
Mh Marsh ms sm аттана ааа аса а0052 С 30 VIIIw-1 55 8 63 
Mm Marysland Цоащ-------------------------------------------------------- 30 IIw-2 50 5 62 
Mo Marysland loam, depressional--------------~---------------------------- 31 ПІм-2 52 5 62 
Mp Millerville mucky peat------------------------------------------------ 31 IVw-2 54 8 63 
МВ  Nebish sandy loam, 2 to 6 percent slopes------------------------------ 32 IIe-2 49 1 61 
ҚЫС Nebish sandy loam, 6 to 12 percent з|орез----------------------------- 32 111е-2 51 1 61 
МЫ) КеБізһ sandy loam, 12 to 18 percent slopes---------------------------- 32 1Ve-1 52 1 61 
МеВ Nebish loam, 2 to 6 percent 51оре5---------------------------......... 32 IIe-2 49 1 61 
NeB2 Nebish loam, 2 to 6 percent slopes, егойей---------------------------- 32 IIe-2 49 1 61 
Кес МеБізһ loam, 6 to 12 percent 51орез----------------------------------- 33 111е-2 51 1 61 
NeC2 Nebish loam, 6 to 12 percent slopes, егойей--------------------------- 33 111е-2 51 1 61 
Мер Nebish loam, 12 to 18 percent 51оре5-------------------------.--.---.. 33 IVe-1 52 1 61 
NeE Nebish loam, 18 to 24 percent slopes---------------------------------- 35 Ме-1 1 61 
МАВ — Nebish-Dorset complex, 2 to 6 percent slopes-----------  — መመ መመመ መ= 33 

Nebish рат(------------------------------.--.-.-...................... -- 111е-3 61 

Dorset рат(-------------------------.-----....-.-.-................... -- IIIe-3 6 62 
МАС Nebish-Dorset complex, 6 to 12 percent slopes------------------------- 33 

Nebish part-------------------------------------------------------- ፳= IVe-1 1 61 

Dorset рат%---------------------.--..--..........................-.. -- ІУе-1 52 6 62 
МА Nicollet clay loam, 1 to 4 percent 51орез----------------------------- 34 I-1 48 1 61 
МВ Мутоте loamy sand, 2 to 6 percent 510ре5--------------------------.... 34 IVs-1 53 7 63 
МС Мутоте loamy sand, 6 to 18 percent 510ре5---------------------------.. 35 VIs-1 54 7 63 
OSA  Osakis loam, 0 to 3 percent з1орез------------------------------------ 35 IIIe-3 51 6 62 
Qu Quam mucky silty clay Цоаш-------------------------------------------- 36 IIIw-1 52 4 62 
Rm Rifle mucky реа%-------------------....----.......................... . 36 IVw-2 54 8 65 
RoB Rothsay silt loam, 2 to 6 percent 51орез------------------------------ 37 Пе-1 48 1 61 
5е Seelyeville muck-------- 2-----------------------------------.-....-.... 37 Тум-2 54 8 63 
Sh Shooker іоап------------------------..-.--............................ 38 IIw-1 49 4 62 
51А Sinai clay, 0 to 2 percent 51орез------------------------------------- 38 IIe-3 49 1 61 
518 Sinai clay, 2 to 6 percent 510рев------------------------------------- 38 IIe-3 49 1 61 
SmB Sioux loamy coarse sand, 0 to 6 percent 61орев------------------------ 39 IVs-2 53 7 63 
SmC Sioux loamy coarse sand, 6 to 12 percent 510рез----------------------- 39 IVs-2 53 7 63 
SoC Sioux gravelly loamy coarse sand, 2 to 12 percent slopes-------------- 39 VIs-1 54 7 63 
SoE Sioux gravelly loamy coarse sand, 12 to 35 percent slopes------------- 39 VIIs-1 55 7 63 
SpA Sverdrup sandy loam, 0 to 2 percent slopes---------------------------- 40 IIIe-4 51 6 62 
SPB Sverdrup sandy loam, 2 to 6 percent 61оре5---------------------.....-- 40 ፲፲፲6-4 51 6 62 
SpC Sverdrup sandy loam, 6 to 12 percent slopes--------------------------- 40 IVe-2 53 6 62 
5ሃል Sverdrup loam, thick solum, 0 to 3 percent slopes-----------------.--- 40 IIe-4 49 6 62 
To Топка 1оаш---------------------------------........................... 41 ПІн-1 52 4 62 
Up Urness mucky silty clay 1оап-----------------------.-.----......-...... 42 ПІм-1 52 8 63 
Us Urness mucky silt loam, peaty subsoil variant------------------------- 43 IVw-2 54 8 63 
VaA  Vallers clay loam, 0 to 3 percent slopes------------------------------ 43 IIw-3 50 5 62 
WaB Waukon loam, 2 to 6 percent з1орез------------------------------------ 44 IIe-1 48 1 61 
WaB2 Waukon loam, 2 to 6 percent slopes, eroded-------------------......... 44 Пе-1- 48 1 61 
WaC Waukon loam, 6 to 12 percent 510р65----------------------------------- 44 IHe-1 50 1 61 
WaC2 Waukon loam, 6 to 12 percent slopes, етойей--------------------------- 44 ІПе-1 50 1 61 
Жар Waukon loam, 12 to 18 percent 51о0ре5--------------------.............. 44 IVe-1 52 1 61 
WaD2 Waukon loam, 12 to 18 percent slopes, eroded-----------.---..........- 45 IVe-1 52 1 61 
WaE Waukon loam, 18 to 24 percent 510ре5--------------------------.-..-... 45 VIe-1 54 1 61 
WcB Waukon clay loam, 2 to 6 percent 510рез------------------------------- 45 Пе-1 48 1 61 
WcC2 Waukon clay loam, 6 to 12 percent slopes, егойей---------------------- 45 IIIe-1 1 61 
W1B2 Waukon-Langhei loams, 2 to 6 percent slopes, егойеф------------------- 45 

Waukon раг(--------------------......---............................ -- Пе-1 1 61 

Langhei рагт--------------------------------.......-................ -- Пе-1 48 62 
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De- Capability suitability 
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Map on 
symbol Mapping unit page Symbol Page | Number Page 
W1C2 Waukon-Langhei loams, 6 to 12 percent slopes, eroded-------------------- 45 
Waukon рагЕ-------------------------------------------------.-.......- -- 50 1 61 
Langhei рау:%------------------------------...-..-.-.--.-.-..........------- -- IIIe-1 50 2 62 
WsB2 Waukon-Langhei-Sioux complex, 2 to 6 percent slopes, eroded------------- 46 
Waukon рау%---------------------------------------------------------- ка 1 61 
Langhei рат%----------------------------------------------.-........-.-.. == 2 62 
Sioux раг%----------------------------------------------------------- эв 7 63 
WsC2 Waukon-Langhei-Sioux complex, 6 to 12 percent slopes, егодед------------ 46 
Waukon рат%-------------------------------------------------.----.--- I 1 61 
Langhei part-- “я 2 62 
Sioux part------------------- %----------------------------..-......-- -- 7 63 
2002 Zell-Rothsay silt loams, 6 to 12 percent slopes, егод4ей----------------- 47 
Zell рат:----------------------------------.-.-......................... == 2 62 
Rothsay раг%----------------------------------------------------.-.---- ን 1 61 
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This document is not accessible by screen-reader software. The Natural 
Resources Conservation Service (NRCS) is committed to making its information 
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accessibility issues and need assistance, please contact our Helpdesk by phone at 
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with publications that include maps, graphs, or similar forms of information, you 
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contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410, or call (800) 795-3272 
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and 
employer. 
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SOIL ASSOCIATIONS 


Barnes-Langhei association: Well-drained and somewhat excessively 
drained, undulating to very steep soils formed in loamy glacial till 


Waukon-F lom association: Well-drained and poorly drained, nearly level 
to steep soils formed in loamy glacial НИ 


Sinai-Fulda association: Moderately well drained and poorly drained, 
nearly level to undulating soils formed in clayey glacial till or clayey 
lacustrine deposits 


Nebish-Beltrami association: Well drained and moderately well drained, 
nearly level to steep soils formed in loamy glacial till 


Arvilla-Sverdrup association: Somewhat excessively drained, nearly 
level to rolling soils formed in dominantly loamy material over sand and 
grovel 


Forada-Arveson association: Poorly drained, nearly level soils formed 
in loamy material over sand and gravel 


Waukon-Gonvick association: Well drained and moderately well drained, 
nearly level to hilly soils formed in loamy glacial till 


Clarion-Flom association: Well-drained and poorly drained, nearly level 
to rolling soils formed in loamy glacial till 


Dorset-Sioux association: Well-drained to excessively drained, nearly 
level to very steep soils formed in loamy material and in sand and gravel 
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GENERAL SOIL MAP 
DOUGLAS COUNTY, MINNESOTA 
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Each area outlined on this map consists of 
more than one kind of soil. The map is thus 
meant for general planning rather than a basis 
for decisions on the use of specific tracts. 
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SYMBOL 


ልዕል 
ልፈ 

Ло 

AsA 
AsB 
AsC 
АА 


FmC2 


бод 


HhA 


1.902 
LkD2 


LkE 
LwD 


MoA 
MoB 
MoC 
Mh 
Mm 
Mo 
Mp 


SOIL LEGEND 


The first capital letter is the initial one of the soil name. А second capital letter, A, B, 


C, D, Е, ог Е, shows the slope. Most symbols without а slope letter are those of nearly 
level soils, but some are for land types that have a considerable range of slope. A final 


number, 2, in o symbol indicates that the soil is eroded. 


NAME 


Aastad clay loam, | to 3 percent slopes 

Alluvial land 

Arveson sandy clay foam 

Arvilla sandy loam, Ü to 2 percent slopes 

Arvilla sandy loam, 2 to 6 percent slopes 

Arvilla sandy loam, 6 to 12 percent slopes 

Arvilla sandy loam, thick solum, 0 to 3 percent 
slopes 


Barnes loam, 2 to 6 percent slopes, eroded 

Barnes loam, 6 to 12 percent slopes, eroded 

Barnes-Langhei loams, 2 to 6 percent slopes, 
eroded 

Barnes-Langhei loams, 6 to 12 percent slopes, 
eroded 

Beltrami loam, ] to З percent slopes 

Brophy peat 


Carlos muck 

Cathro muck 

Cathre muck, sandy subsoil variant 

Clarion loam, 2 to 6 percent slopes, eroded 
Clarion loam, 6 to 12 percent slopes, eroded 
Clontarf sandy loam, Ü to 2 percent slopes 
Colvin silt loam 

Colvin silt loam, depressional 


Darnen loam, 1 to 4 percent slopes 

Dassel sandy loam 

Dassel sandy loam, depressional 

Dorset sandy loam, 0 te 2 percent slopes 

Dorset sandy loam, 2 to 6 percent slopes 

Dorset sandy loam, 6 to 12 percent slopes 

Dorset sandy loam, thick solum, 0 то 2 percent 
slopes 

Dorset sandy loam, thick solum, 2 to 6 percent 
slopes 

Dorset sandy loam, thick solum, 6 то 12 percent 
slopes 

Dovray mucky silty clay 


Flom silty clay loam 

Forada sandy loam 

Forada loam, depressional 

Forada sandy loam, sandy subsoil 

Forman clay loam, 6 to 12 percent slopes, eroded 
Forman-Aastad clay loams, 1 to 5 percent slopes 
Fulda silty clay 


Gonvick loom, 1 to 3 percent slopes 


Hangaard sandy loam 
Hantho silt loam, 1 to 3 percent slopes 


Lake beaches, sandy 

Lake beaches, loamy 

Langhei loam, 18 to 40 percent slopes 

Lenghei-Barnes loams, 12 to 18 percent slopes, 
eroded 

Langhei-Waukon loams, 12 to 18 percent slopes, 
eroded 

Langhei-Waukon loams, 18 to 24 percent slopes 

Langhei-Waukon-Sioux complex, 12 to 25 percent 
slopes 


Maddock fine sand, 0 to 2 percent slopes 
Maddock fine sand, 2 to Š percent slopes 
Maddock fine sand, 6 to 12 percent slopes 
Marsh 

Marysland loam 

Marysland loam, depressional 

Millerville mucky peat 


SYMBOL 


NbB 
NbC 
NbD 
NeB 
NeB2 
мес 
NeC2 
NeD 
NeE 
NnB 
NhC 
NIA 
NyB 
NyC 


О5А 
Qu 


Rm 
RoB 


Se 
Sh 
SIA 
SIB 
SmB 
SmC 
SoC 


SeE 


SpA 
Spa 
Spc 
УМА 


То 


Ор 
Us 


YaA 


Мав 
WaB2 
WaC 
WaC2 
WaD 
WaD2 
WaE 
WcB 
WcC2 
WIB2 


WIC2 
WsB2 


WsC2 


ZoC2 


NAME 


Nebish sandy loam, 2 to 6 percent slopes 
Nebish sandy loom, 6 to 12 percent slopes 
Nebish sandy loam, 12 to 18 percent slopes 
Nebish loam, 2 to 6 percent slopes 

Nebish loam, 2 to 6 percent slopes, eroded 
Nebish loam, 6 to 12 percent slopes 

Nebish loam, 6 to 12 percent slopes, eroded 
Nebish loam, 12 to 18 percent slopes 

Nebish loam, 18 to 24 percent slopes 
Nebish-Dorset complex, 2 to 6 percent slopes 
Nebish-Dorset complex, 6 то 12 percent slopes 
Nicollet clay loam, 1 to 4 percent slopes 
Nymore loamy sand, 2 to 6 percent slopes 
Nymore loamy sand, 6 to 18 percent slopes 


Osakis loam, 0 to 3 percent slopes 
Quam mucky silty clay loam 


Rifle mucky peat 
Rothsay silt loam, 2 to 6 percent slopes 


Seelyeville muck 

Shooker loam 

Sinai clay, Ото 2 percent slopes 

Sinai clay, 2 to 6 percent slopes 

Sioux loamy coarse sand, 0 to 6 percent slopes 

Sioux loamy coarse sand, 6 to 12 percent slopes 

Sioux gravelly loamy coarse sond, 2 to 12 percent 
slopes 

Sioux gravelly loamy coarse sand, 12 to 35 percent 
slopes 

Sverdrup sandy loam, 0 to 2 percent slopes 

Sverdrup sandy loam, 2 to 6 percent slopes 

Sverdrup sandy loam, 6 to 12 percent slopes 

Sverdrup loam, thick solum, 0 to 3 percent slopes 


Tonka loam 


Urness mucky silty clay loam 
Urness mucky silt loam, peaty subsail variant 


Vallers clay loam, 0 to 3 percent slopes 


Waukon loam, 2 to 6 percent slopes 

Waukon loam, 2 to 6 percent slopes, eroded 

Waukon loam, 6 to 12 percent slopes 

Waukon loam, 6 to 12 percent slopes, eroded 

Waukon loam, 12 to 18 percent slopes 

Waukon loam, 12 to 18 percent slopes, eroded 

Waukon loam, 18 to 24 percent slopes 

Waukon clay loam, 2 to 6 percent slopes 

Waukon clay loam, 6 to 12 percent slopes, eroded 

Waukon-Langhei loams, 2 to 6 percent slopes, 
eroded 

Waukon-Langhei loams, 6 to 12 percent slopes, 
eroded 

Waukon-Langhei-Sioux complex, 2 to 6 percent 
slopes, eroded 

Waukon-L onghei-Sioux complex, 6 to 12 percent 
slopes, eroded 


Zell-Rothsay silt looms, 6 to 12 percent slopes, 
eroded 
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WORKS AND STRUCTURES 
Highways and roads 


Divided 


Good motor ....... no — A 
Poor motor ........ ......... 
Trail... 


Highway markers 


National !nterstate 


U. S. 


Railroads 


Single track 


Multiple track 


8. В. over . 


R. R. under 


Buildings 


Sehgal aai siret ጠች laces 4 


Power line 


Pipeline 


Тайке aec eei vette ° © 
Well, oil or gas 8 
Forest fire ог lookout station ... а 
Mandel мадан рр ж 
Located object ................. ° 


CONVENTIONAL SIGNS 
BOUNDARIES 


National or state 


Land survey division corners 


DRAINAGE 


Streams, double-line 


[XH а ውው ንች — 
Intermittent ................. ልነ А, 


Streams, single-line 


Perennial ,, ~ 一- 一 .一 
Intermittent 
Crossable with tillage | 
implements .............. Кассын 
Not crossable with tillage 
implements ፍመ 2 DESEE መ 
Unclassified .............. аттан I УА 
Canals and ditches ............ плата ጆን а ыз 


Lakes and ponds 


Perennial 


Spring ዒ 
Marsh or swamp ............... ше 
LI ——— v 


Drainage end or alluvial fan ,., 


RELIEF 

Escarpments 

Bedrock ,.................... учууу ህህ ЧУ УУУ УУУУ yyy, 

Other и euim ye y eet 
Short steep slope ...............  »...” `. 
Prominent peak ................ НЭЭ 
Depressions 

Large ' Small 

Crossable with tillage qu, 

implements ,................ зума o 

Not crossable with tiliage ғ” 

implements " ሂሬ ° 

Contains water most of Бай 

the time ЕРЕСЕН < ° 


MINNESOTA AGRICULTURAL EXPERIMENT STATION 


SOIL SURVEY DATA 


Soil boundary 


and symbol .................. 
9 о 
Gravel .. ° % 
° © 
፳ 
Ф 6 
a 
4.7 
У 
Chert fragments ................ D 
Clay spot ...................... ж 
Sand spot .. ДЕ х 
Gumbo or scabby spot ......... 4 
Made: land: оаа = 
Severely eroded spot ........... = 
Blowout, wind erosion .......... M 
СИНІХ одна качани pss DIIS 
Calcareous spot ............... 9 
Small area of 
better drained soil ш 
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